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Problems in the Study of Plant Rusts * 


By J. C. ARTHUR 


The inception of the Botanical Society of America was the 
crystallization of a desire on the part of a number of zealous bot- 
anists to encourage research and to promote the general welfare 
of the science in America by concerted action. The result has 
been conspicuously successful. Beside providing an atmosphere 
of tolerance, expectancy and discriminating appreciation for the 
presentation of papers, by no means a small honorarium in the 
intellectual remuneration of the earnest investigator, a fund of 
money has been provided in accordance with the original intent of 
the founders, with which to assist and encourage research. The 
first distribution from this fund is made at the present meeting. It 
is a matter of congratulation that the wisdom shown in devising 
the plan for its creation and the business sagacity brought to bear 
in its management have enabled the society to offer a sum not 
only large in consideration of the age and membership of the 
organization, but equally noteworthy in comparison with any simi- 
lar fund provided by American societies of whatever age and size. 
Without question the society is established squarely upon the 
doctrine of research, and the other benefits emanating from a body 
of this kind, which are by no means few, inconspicuous, or unde- 
serving of consideration, are as the glory of a noble tree with its 
foliage, flowers and fruit, useful and luxuriant in proportion to the 
quantity and quality of its nutriment. 


* Delivered at Washington, D. C., December 31, 1902, as an address by the Past 
President of the Botanical Society of America. 


({ Hereafter the exact date of publication of each issue of the BULLETIN will appear 
in the succeeding number. ] 
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In the selection of a subject for the present address it has 
seemed fitting that the central thought of the society should find 
a measure of expression, and therefore I have brought together 
some of the suggestions, entanglements and problems that have 
arisen during a series of investigations into the life histories of a 
number of the plant rusts. I do this with the more alacrity as it 
enables me to bring before you, and possibly to intreduce to some 
of you for the first time, a remarkable class of plants of great 
scientific and economic importance. 

The plant rusts, or Uredineae, are microscopic fungi, strictly 
parasitic in their nature, inhabiting all classes of flowering plants 
and ferns. The mycelial body of the fungus consists of colorless 
hyphae which ramify through the tissues of a larger or smaller 
part of the host. Sometimes they permeate every part of the 
plant above ground, but more usually are confined to certain 
areas, often very small and circumscribed. It is at all times diffi- 
cult to distinguish this vegetative part of the fungus from the 
cellular structure of the host, unless special differentiating methods 
are employed. 

On the other hand the reproductive parts are comparatively 
prominent, being yellow, red, brown, black or some characteristic 
tint, and with few exceptions are formed at or near the surface of 
the host, and of sufficient size to permit recognition under a hand 
lens or often by the unaided eye. These fruiting bodies are gen- 
erally dehiscent, exposing the spores as a waxy or powdery layer. 
When produced abundantly, and of an orange or brownish color, 
the supporting plants have the appearance of being dusted with 
iron rust, which has suggested the now common name of plant 
rusts. The most generally recognized examples are the rusts of 
wheat, oats and other grains, which cause a loss to the people of 
this country of many millions of dollars annually, often equalling 
that caused by the Hessian fly, chinch bug and all other insect and 
fungous enemies combined. 

The fruiting parts and especially the spores are the only por- 
tion of the rust fungus seen or recognized by the general observer, 
the botanical collector, or the average student. Not only are the 
spores readily seen, but as a rule they are easily removed and 
examined under the microscope, needing no preparation except 
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moistening with a drop of water. Moreover, dried specimens keep 
indefinitely in all their perfection of form and intimate structure, 
and also as a rule of color. Hence it has come about that the 
description of species and the general classification has been 
founded almost exclusively upon the spore forms. This was a 
necessity at first; but it is a crude and artificial method. It has 
led to no clearer understanding of the real relationships of the 
species than did the Linnaean system for flowering plants, with its 
countings of stamens and pistils. Yet this comparison does scant 
justice to the intricacies of the subject, and the difficulties under 
which the systematic uredinologist has labored. 

The student of phanerogamic plants, even back to the days of 
Linnaeus, has been well aware that few of the plants which come 
under his observation have more than one kind of flowers. The 
flower contains the pistils and stamens, from the interaction of 
which arises the fruit. Sometimes, to be sure, the pistils and sta- 
mens are in separate flowers on different parts of the plant, or even 
on different plants, as in the willows and poplars. But with rare 
exceptions, so rare as to have no appreciable effect upon the devel- 
opment of the subject, no material difficulty has been experienced 
in detecting the essential organs of reproduction, and no question 
has arisen regarding their association with the fruit which follows 
their appearance. 

In order to come to an appreciation of the conditions existing 
among the rusts, and some of the difficulties besetting systematists 
in trying to unravel relationships, let us suppose some changes in 
the phanerogamic world. Let us begin by supposing flowers to 
be wholly suppressed, so completely in fact that the fruit would 
appear to arise from swollen buds, as figs do in fact, only in the 
case we are supposing the flowers are so totally suppressed that 
even the microscope reveals no trace of them. Now in this 
imaginary world each kind of tree, shrub and herb may bear not 
only one form of fruit, but two, three, four or even five forms as 
different as peaches, acorns, chestnuts, beans and currants. Two 
or more of these may occur at the same time in any variety of 
combination. Often delicate, peach-like fruits will be produced in 
a succession of crops throughout the summer, then in the fall a 
crop of acorn-like fruits that are not injured by hanging on the 


| 
} 


4 ARTHUR: PROBLEMS IN THE Stupy OF PLANT Rusts 


plants all winter. But more curious than this, the seeds from one 
kind of fruit rarely produce a plant that will bear the same kind 
of fruit again. If the acorn-like seeds are planted, the plants that 
are grown may bear acorns, but are rather more likely to bear 
fruits enclosed in sacs like chestnuts. To some extent this alter- 
nation of forms appears to be haphazard, at least dependent upon 
conditions not understood, but to a large extent it seems to be a 
question of the species. If acorn-like fruits from one species of plant 
are sown they give rise to plants bearing currants, soon followed 
on the same plants by chestnuts. When the chestnuts from this 
species are sown the resulting plants bear peaches, followed on the 
same individual plants by acorns. But there is no predicting what 
combinations will occur in any one species. When different kinds 
of fruits are found on the same individual they are known, of 
course, to belong to the same species, but when on separate plants 
their connection can only be told by actual planting. To further 
complicate matters one kind of fruit, the currant we will suppose, 
has seeds that cannot be made to develop into a plant, although 
they will germinate ; and their purpose in the economy of the plant 
cannot be conjectured. 

Let us fancy now that all plants of this imaginary world are 
exceedingly small, even the largest trees not being half the size 
of a pin, while the smaller plants are mere specks, in fact micro- 
scopic. How long do you think it would take botanists, with a 
flora of this sort, to become acquainted with the different varieties 
of each kind of fruit, and to connect the several forms into the 
cycle of true species ? 

In this fanciful sketch I have tried to portray some of the 
simplest conditions that exist among the rusts, using the fruits of 
currants, chestnuts, peaches, acorns and beans to represent respec- 
tively spermogonia, aecidia, uredo, teleutospores, and amphispores, 
in order to show how complicated they are in comparison to the 
conditions that exist among flowering plants. If I have succeeded 
in making my analogy clear, it can be readily understood that the 
earlier botanists gave names to each spore-form, believing it to 
represent the whole species. Thus Uredo segetum was the name 
of the red rust of wheat, Puccinia graminis the black rust of wheat, 
Aecidium Berberidis the cluster-cup rust of barberry bushes ; and 
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they certainly appear distinct enough to belong to different genera, 
although now we know them to be forms of one species. The 
ablest writers, down to the days of DeBary at the middle of the 
nineteenth century, described all species of Uredineae under the 
form-genera, each species thus being divided among as many 
genera as it had kinds of spores. Even to the present time the 
practice continues as a matter of convenience. Yet as early as 
1810 Friedrich von Strauss entered a protest against placing such 
obviously connected forms as the Uredo and Puccinia of wheat 
under two genera, but in his attempt to readjust the forms under a 
suitable nomenclature he illustrated what deplorable systematic 
work can be done with a good logical basis but a lack of accurate 
observation. While he believed that many Uredo and Pucciniae 
were genetically connected, he made a vigorous objection against 
the association of certain Aecidia with these forms. In a com- 
munication to the Wetterau Society he says: “The assumption 
that these fungi [7. ¢., Uredo and Puccinia], at least Uredo segetum, . 
originate from the scattered red dust of Aecidium Berberidis, nature 
had already refuted before experience. Numerous examples are 
known to me, where the digging out of barberry hedges did no 
more good than did previously the destruction of crows in the 
American colonies.” I do not know what action was taken in 
these early times against crows in our country, but I know that 
the colony of Massachusetts in the reign of George II. passed a 
law entitled ‘‘ An Act to prevent Damage to English Grain arising 
from Barberry Bushes,” with very stringent provisions for its en- 
forcement, which law remained on the statute books twenty-five 
years. 

Von Strauss was certainly in error in his conclusion that dig- . 
ging out barberry bushes did no good, as he might have learned, 
had he examined Marshall’s “ Rural Economy of Norfolk,” a 
most readable book that had at the time passed through more than 
one edition; and, moreover, he was fundamentally wrong in as- 
suming that there could be no causal connection between such 
apparently diverse fungi as the cluster-cups of the barberry and 
the yellow rust of the wheat, as was proven by DeBary experi- 
mentally a half-century later. 

It is to DeBary that we are indebted for the first clear insight 
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into the life-cycle of the rusts. He brought to their study more 
rigid methods of observation than his predecessors, and above all 
he first used culture methods, which have since become the crucial 
test of all uredineous species, and the key to the complex cycle of 
their development. It was in January, 1865, that Professor Anton 
DeBary, of Freiburg, laid before the Berlin Academy a paper 
dealing especially with the development of Puccinia graminis and 
its connection with Aecidium Berberidis. It was the opening of a 
new era in the study of plant rusts. Botanists had already become 
somewhat familiar with the succession of aecidial, uredo and 
teleutosporic forms among the rusts, but DeBary took up the most 
difficult, complex, and enigmatical of all the rust species, which 
at the present day even is very far from being fully understood ; 
I refer to the black rust of grains, especially of wheat, which 
economically as well as scientifically is no mean problem, as it 
causes a loss in this country alone of some millions of dollars a 
year. He studied the germination of the spores from the wheat 
plant, and acting upon a suggestion derived from the practical 
farmer sowed the teleutospores upon barberry leaves, and raised 
cluster-cups. For more than a century the close observer of farm 
crops had strenuously maintained that barberry bushes near wheat 
fields increased the amount of grain rust, and the botanist had 
scornfully laughed and asserted that no known fact in nature war- 
ranted such an absurd idea; but DeBary vindicated the farmer. 

The following year DeBary announced that oat rust bears its 
aecidia upon buckthorn leaves, and that rye rust has its aecidia 
upon alkanet, an Old World weed. The same year Oersted, a 
Danish botanist, published the results obtained by the DeBary 
culture method, showing that the rust of cedar trees is connected 
with the cluster-cups on leaves of pear trees. 

Thus was the new doctrine of heteroecism established: the 
existence at different periods of growth of unlike forms upon 
totally unlike host plants. Its acceptance, however, was slow, 
and the culturists were few. During the seventies and eighties 
the attitude of most botanists was far from cordial. A few ac- 
cepted the doctrine, but it exerted little influence upon the course 
of development of the general subject of uredinology. 

It was, however, during this period that cultures were made by 
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Farlow, Thaxter and Halsted upon the connection between cedar 
rusts and the aecidia on Pomaceae, from which most of the pres- 
ent knowledge of American Gymnosporangia has been derived, a 
genus of rusts especially North American in the number and diver- 
sity of its species. And it was during this period that Plowright 
in England cultivated the rusts and ably presented the claims of 
heteroecism. In Germany Rostrup, Schroter, and Winter made 
cultures, and the last two, more than all others of this period, per- 
mitted the doctrine to influence their systematic treatment of the 
order. Each began, and carried well forward, the fungous flora of 
a large region: the Kryptogamen Flora von Schlesien and the 
Kryptogamen Flora von Deutschland, Oesterreich und der Schweiz, 
in which the Uredineae were elaborated in a manner yet unap- 
proached. These two works, with Burrill’s Parasitic Fungi of 
Illinois, Part I., which was issued during the same period, and 
inspired by Winter’s work, are the only systematic handbooks of 
the order, founded upon a critical study of specimens, that are 
available to the American collector even to this day, although they 
were published from fifteen to twenty years ago. Since that time 
the number of known species has more than doubled, and the 
volume of information about them has quadrupled. 

We may pause a moment here to recall what Sachs, writing 
near the beginning of the era of culture studies, said in his History 
of Botany about parasitic fungi, of which the Uredineae are the 
chief representatives. He characterized them as ‘‘ the most attrac- 
tive objects in the whole field of mycology,” and said that “ here 
were difficulties in abundance, here were the darkest enigmas with 
which botany has ever had to deal.”” Among the difficulties he 
had in mind were “to discover what properly belonged to one 
cycle of development ’’ and to find where in this cyle the sexual 
fusion occurs. 


Regarding sexuality of the rusts there is still dense ignorance, 
but regarding the exact cycle of development great advances have 
been made. DeBary supplied the key to this garden of knowl- 
edge, and during two or three decades some twenty botanists es- 
sayed the tedious but interesting task of growing one or more 
species of Uredineae and tracing the succession of forms through a 
life-cycle, some sixty or seventy heteroecious species being thus 


8 ARTHUR: PROBLEMS IN THE Stupy OF PLANT Rusts 


investigated. During the last decade of this era, however, more 
botanists have worked at solving these riddles, and some of them 
have made the work continuous from season to season, taking 
great pains to explore suggestive by-paths. The results have not 
been confined to a knowledge of life-cycles of individual species, 
but have brought to view some unexpected facts of far-reaching 
significance, regarding the limits of species and their biological be- 
havior. Doubtless many who listen to me to-day also heard the 
vice-presidential address of Professor Farlow before the botanical 
section of the American Association for the Advancement of 
Science in 1898, in which he traced with great clearness and with 
many side-lights, the modification and broadening of our concep- 
tion of species through recent cultural work on rusts. It would 
be superfluous to retrace the ground, even were I capable of equal- 
ling the admirable presentation, but some phases of the subject, 
which have since become prominent, may well be mentioned here. 

One of the most eminent investigators in this line of research, to 
whom science and also the world at large owes much for his work 
on grain rusts, is Dr. Eriksson, of Stockholm. The great unfold- 
ing and clarification of a subject of such vast economic importance 
justly merited the gold medal and other honors,which have been be- 
stowed. That what had previously been rated three species of rusts, 
Puccinia graminis, P. rubigo-vera and P. coronata, have been found 
under the search-light to be seven or eight species or possibly ten 
or twelve, with numerous specialized forms or so-called biological 
species, is some indication of the thoroughness and extent of the 
labor. Practically it has been of the greatest value to know that 
the rust of grains belonging apparently to one species cannot 
usually be spread by the uredospores from rye to wheat, rye to 


oats, oats to barley, or in general from one kind of grain to another.. 


But mapping out the possible distribution of each species of grain 
rust still requires a vast amount of work, as not only the culti- 
vated grains are involved, but many species of wild grasses. 

In passing, attention may be called to a remarkable and seem- 
ingly anomalous property belonging to the principal grain rusts, 
that of attacking hosts standing in two or more tribes of the 
Gramineae. Of the hundreds of other species of rusts inhabiting 
grasses it is probably safe to assert that not one spreads to hosts 
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outside of a single tribe. No ful] explanation of this is yet forth- 
coming, but when found it is likely to throw a flood of light upon 
the true nature of parasitism. 

We return from this digression to note that Eriksson has 
vigorously attacked the difficult problem how the rust is carried 
through the winter and again becomes a menace to the farmer in 
northern regions, where the mycelium is not perennial and where 
barberry and alkanet or other suitable host plants are wanting on 
which the cycle of development can be completed. In trying to 
account for the facts he has elaborated and widely published a 
micoplasma theory : the symbiotic and intimate association of the 
protoplasm of the host and its parasite, unseparated by cell walls. 
This theory has not been accepted by most botanists, and since 
the recent publication of Marshall Ward's researches upon the 
rusts of the genus Bromus, appears to have no authentic or even 
probable facts upon which to rest. The studies of Carleton upon 
the American Euphorbia rust, in which it was found that the 
mycelial fungus may be carried over the winter in the seeds, may 
throw some light upon Eriksson’s anomalous results, without 
invoking a micoplasma theory. We may, indeed, believe that to 
solve the practical problems of the mode of propagation and the 
power of infection of the several grain rusts requires all the astute- 
ness and skillful experimentation that can be brought to bear ; 
and the repeated failures of the ablest investigators only empha- 
size the difficulties. 

The expansion of knowledge through DeBary cultural methods 
cannot be better illustrated than by citing the results attained by 
Dr. Klebahn of Hamburg with the willow and poplar rusts. This 
investigator stands foremost among those who have used each sea- 
son's work as a basis for shaping the work of the following season, 
and who pari passu with cultural results have studied morpholog- 
ical characteristics, combining the two classes of data into taxo- 
nomic expression. Most systematists have contented themselves 
with listing the willow rusts under MJe/ampsora salicina and the 
poplar rusts under Melampsora populina, or equivalent names. 
This was the disposition of them made by Winter and Burrill. 
Some have essayed segregation, but with an unsteady hand. 
Thiimen in 1879 described seven species of willow rusts and 
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Schroter in 1887 recognized four willow rusts and three poplar 
rusts. The characters for these were drawn chiefly from the 
uredospores, although the latter author was guided somewhat by 
the limited cultures of Rostrup and Nielsen. 

The matter presents a wholly different aspect when we turn to 
the conclusions reached by Klebahn. From an external knowl- 
edge of the species we are presented with an intimate knowledge, 
and from conjecture we pass to reasonable certainty. It is some- 
what startling, nevertheless, to find that the original single willow 
rust has become fourteen, and the one poplar rust has become 
seven. One of the willow rusts, quite unsuspectedly, proves to be 
autoecious, having its aecidium on willow leaves along with the 
uredo and teleutostage; all the other species are heteroecious, 
with their aecidia on Larix, Enonymus, Ribes, Orchis, Allium and 
Galanthus. The poplar rusts are all heteroecious, with their 
aecidia on Larix, Pinus, Allium, Mercurialis, Chelidonium and 
Corydalis, Most of these species can be told from one another 
by morphological characters quite as readily and as certainly as 
can the species of I 7e/a, Crataegus and Antennaria in the present 
congested condition of these genera; but some of them are diffi- 
cult to distinguish in this way. For instance, the five species 
which occur on Populus tremula can scarcely be told apart unless 
the aecidial host is known. 

As an incidental piece of information it may be stated in this 
connection that all the willow and poplar rusts investigated by 
Klebahn are European. Although similar rusts are common in 
this country, and often sufficiently abundant to be destructive to 
their hosts, yet none of them has so far been identified with Euro- 
pean species ; and, moreover, the most common forms may be as- 
sumed, with some degree of certainty, to be distinctly American. 

But to return to the question regarding species that are mor- 
phologically similar, but ecologically dissimilar ; it appears to be 
possible for all five of these Me/ampsorae on Populus tremula to 
grow side by side on the same individual leaf, in which case the 
uredospores would be practically indistinguishable by any direct 
morphological or cultural test, the teleutospores could only be 
told apart by ascertaining what species of host they could be made 
to infect, while the aecidia would be known by the particular host 
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they inhabited. The aecidial hosts inthis case are exceedingly di- 
verse and represent about the whole gamut of the spermatophytes. 
A similar case is that of the American Carex rusts, having aecidia 
on the three large intergrading genera Solidago, Aster and Erigeron. 
Although they have not yet been studied thoroughly enough to 
speak with entire confidence, still it is evident that they have very 
slight morphological distinctions, and possibly have no constant 
differential characters except the association of the aecidial host. 

The practical question that arises is in regard to the systematic 
treatment of such forms. Shall they be classed as species, sub- 
species, varieties or races? This is not so much a question of 
fact, as of convenience and intelligent interpretation. No one, 
nowadays, believes that species are circumscribed in any definite 
manner, but that usually they exhibit developmental mobility 
which is recognizable in all manner of intergradations and differen- 
tiations. What is wanted of systematic botany is a nomenclature 
that expresses in a fair way the relation that exists between forms 
as found in nature. It will at the best be an imperfect and un- 
equal interpretation of the facts, but it surely ought to be employed 
with understandable uniformity. 

Botanists, I believe, have not often gone to the extreme of 
some of their co-workers in allied sciences. From a communi- 
cation in a recent number of Science it appears that ‘in ornithology, 
and especially in mammalogy, perfectly good species are often so 
similar in size and color that even the expert can not satisfactorily 
identify them from descriptions. * * * They present to the eye 
differences that are sufficiently impressive but which, owing to the 
imperfection of descriptive terms, can not be adequately expressed 
in keys or in diagnoses.” If one may venture an opinion on 
matters outside of his own domain, forms which differ by such 
intangible characters as here indicated, so that they can not be 
expressed on paper, are not species in the generally accepted sense. 
They may be deserving of names, and be of great interest to the 
specialist, and may serve most important ends as basis for par- 
ticular inquiries, but their rank is not that of true species in the 
general sense; at least, I think this may be safely asserted if 
plants are in question. 

I need not speak of the validity of physiological species as 
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adopted by students of bacteria and yeasts ; they have their place. 
In fact, I do not deem it necessary to bring up for discussion the 
hackneyed subject of what constitutes a species. Even were I 
polemically disposed, it would be hazardous ; but I have in mind 
only to call attention to the hyphenated nomenclature so effectively 
1 used by Klebahn, Fischer, and others, to indicate dichotomous 
parasitism. For instance, what has been considered Me/ampsora 
populina occurring upon Populus nigra is found to be separable by 
cultures into two forms, one having its aecidium on Larix and the 
other on A//ium ; these two forms are named by Klebahn .We/am- 
( psora Larici-populina and M. Allii-populina, although they may not 
] be morphologically distinguishable. 
/ Such names are descriptive, and a great help in following the 
diversified results of cultures. Whatever their status in strictly 
H systematic work, they would appear to have their use and be per- 
missible for cultural studies. But when the conclusions of the cul- 
turists are transferred to systematic botany the provisional nomen- 
clature must necessarily be subjected to the rigid laws of priority ; 
moreover, questions regarding the propriety of accepting the cul- 
| tural forms as species must also be settled to accord with general 
usage. In making such changes it is doubtful if the systematist 
could safely rank as species forms that have not a reasonable 
i morphological distinctness in addition to their host connections. 
The morphologically distinguishable species, like JJelampsora 
populina, may be separated into varieties showing selective para- 
sitism, like the varieties Larict-populina and Allii-populina. If some 
such method is not adopted, we may well be appalled at the prob- 
able condition of systematic uredinology a few years hence. 
At present there are only about a dozen culturists active. In 
| | North America alone a hundred species of grass and sedge rusts . 
\ are known, which of course does not include all the heteroecious 
} forms. Of these less than twenty have been traced to an aecidium, 
and none have had more than a preliminary investigation. In 
what proportion these hundred species are likely to exhibit selec- 
tive parasitism can not of course be told, but it is likely to be large. 
What is the future collector to do, if when he turns to his manual 
he finds that on the host he has in hand there are recorded from 
i two to a dozen species, none of which can be told except by a 
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cultural test? Would it not be better that he should find one 
species recorded for his host, having from two to a dozen varieties 
separable by cultures? Moreover, would not this accord better 
with usage in other fields of plant life, and at the same time give 
a more just conception of relationship ? 

Difficulties in this line are not confined to the heteroecious 
rusts. The autoecious species are likely to prove quite as per- 
plexing and intricate when studied with equal thoroughness. The 
American species of rust on Exphorbia, called Uromyces Euphorbiae, 
has been somewhat examined culturally, and four cultural species 
have been found respectively inhabiting Euphorbia maculata, E. 
nutans, E. dentata and E. marginata. Both aecidiospores and 
uredospores have been used for the cultures, and in no case has it 
been possible to transfer the rust of one of these hosts to another ; 
morphological characters by which to distinguish them, however, 
have not been found. Fancy the systematic situation for the 
Euphorbia rusts, when the other hosts are examined, not only of 
the eastern United States for which Britton’s Manual gives thirty- 
six species, but of the western regions, and especially of Mexico 
and other warm countries where Euphorbias attain a greater devel- 
opment, many being woody and even tree-like, and where rusts 
on them are especially abundant. 

But I ought not to weary you with more of this perplexing 
topic. Let the culturists and the systematists fight out their bat- 
tles. It is difficult to foresee whether the outcome will be the 
establishment of order or the release of pandoric confusion. 

Probably no part of the many-sided subject of the rusts is 
superior in interest to the fact of their complete parasitism. They 
not only vegetate inside the host without destroying it, but even 
at the fruiting points the tissues are rarely killed. On the con- 
trary they often exert a stimulating effect upon the cells of the 
host, so that the tissues remain green, especially about aecidia, 
when other parts of the organ are yellow and dying. Another 
phase of the stimulating effect is seen in hypertrophied develop- 
ment. So intimate is the association of parasite and host that as 
a rule the vigor of the parasite is directly proportional to the vigor 
of the host. Every culturist soon learns, that to have success in 
his work he must employ strong, rapidly growing plants. Even 
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if he succeeds in infecting weak plants, the fungus will rarely come 
to a satisfactory fruitage. Usually all growth of the rust stops 
with the death of the host, although in a few cases, especially in 
the genus J/e/ampsora and Colcosporium, the teleutosporic develop- 
ment continues for a time after the leaves of the host have fallen 
3 to the ground, as among the willow and poplar rusts. This 
; physiological fact supports morphological facts, which place these 
: genera among the lowest of the Uredineae in the scale of develop- 
; ment, and ally them to saprophytic forms. Probably the primi- 
4 


tive Uredineae were wholly saprophytic and largely unspecialized 
. as to host, but as they gained in power to attack living tissues, 
il they became more and more restricted in their dietary choice. 
When we remember what remarkable chemotactic sensitiveness 
the germinating spores of many fungi possess, saprophytes as well 
as parasites, it is not difficult to account for a high state of speciali- 
zation in the selection of a living substratum within which to func- 
. tion and from which to draw food-supplies. 
: This specialization of the parasite must have begun and been 
‘ carried on in large part along with the specialization of the host, 
i and we should be prepared to find a parallelism in their associa- 
if tion. The large and peculiar genus Ravene/za is all but confined 
to the leguminous families of flowering plants. The genus Phrag- 
midium is largely parasitic on the Rosaceae. The species of 
| Gymnosporangium are found only on certain coniferous hosts, and 
i their aecidia on the Pomaceae. And so we might continue, show- 
ing that there is some association, not at present wholly explain- 
able, between certain tribes and genera of rusts and certain families 
and tribes which serve them as hosts, and in many cases this 
association is very closely circumscribed. 
7 The knowledge of this parallelism is an important help in 
keeping us at the present time from falling into the error, so 
common among the older systematic students of the rusts, of 
; assuming that forms on widely related species of hosts, however 
q similar in appearance these forms may be, might belong to one 
species, without securing rigid proof. Not until recent years 
would it have been considered strange to announce that a certain 
species of rust had been found upon Borraginaceae, Asclepiadaceae 
and Compositae. A common expression has been that the form 
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was found ‘on various species of grasses and sedges."’ But such 
instances as these are not known at the present day. There is no 
species known that inhabits grasses and sedges. Moreover, it is 
rare that any species of rust will be capable of growing on all the 
i. genera of a large family, or even on all the species of a large 
genus, unless these be remarkably homogeneous. 
Is it not apparent that the exact identity of the species of host 
on which a rust is found constitutes information for the proper 
study of its systematic relationship and often of its specific iden- 
tity only second to the characters drawn from the fungus itself? | 
No rust can be considered apart from its host; the parasitism is 
so closely wrapped up in the evolution of the species that to ignore | 
it would be folly. Many collections of Uredineae are rendered 
nearly worthless for study because the collector neglected to . > 
determine the host, or to include material in the collection by 
which the student could determine it. So little importance has 
been attached by collectors to this part of their work that rarely 
are characteristic parts of the host included, so that the student 
may independently satisfy himself of the correctness of the deter- 
mination, and so that in after years the determinations may be 
revised, if necessary. It is usually forgotten that the classification 
of phanerogamic plants has not yet become perfect, and every 
change in their nomenclature must be reflected in the nomencla- 
ture of the uredineous hosts. Evidences of the lack of apprecia- 
tion of the importance of correct determination of the hosts of the 
Uredineae are shown in many ways; I may cite an instance coming 
to hand while preparing this address. In an exhaustive treatise 
on the flora of the island of St. Croix about fifteen hosts are men- 
tioned for the few rusts that had been collected, and four of these 
are not listed in the phanerogamic part of the work. Again in 
that admirable flora of Alabama, issued some time ago, the life- 
work of Dr. Mohr, a number of uredineous hosts are mentioned 
: not in any way referred to under the families of phanerogams 
where they should appear. Another source of annoyance and of 
: misinformation is the not infrequent failure of uredinologists to 
recognize hosts under their synonymic aliases. It is very easy at 
the present time for a plant to go masquerading under several names. 
Of course, the well-informed ought not to be deceived by these dis- 
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guises, and if they were sufficiently on the alert they probably 
would not be. Yet it is not rare to have new species of rusts 
described because the describer did not recognize the host under 
its latest name, as an old-time acquaintance. This failure of recog- 
nition also leads to a fictitious multiplication of hosts cited for a 
species of rust. Saccardo’s ‘‘Sylloge Fungorum”’ contains many 
instances of this. I may, however, mention a specific instance 
taken from a later work, in which greater accuracy is expected, 
that of Sydow’s ‘*‘ Monograph of the Uredineae.’’ The second part 
of this work, just from the press, gives Feru/a dissoluta and Lepto- 
tacnia dissecta as two hosts for a species of Puccinta, and yet both 
are names of the same plant. This is not a solitary instance. 
Such discrepancies ought not to occur, and largely would not if 
more importance were attached to the identity of the host. 

There are many topics connected with this intricate and many- 
sided subject of the rusts that I should like to bring before you at 
this time, but to do so must prove wearisome, even to enthusiastic 
students of the family ; and I fancy there are a few such in this 
audience. I will, therefore, content myself with a single additional 
topic, and even that must be treated briefly. 

I wish to point out the profound influence that cytological 
studies are likely to exert upon the morphological, evolutionary 
and taxonomic conceptions of the rusts, when these are carried 
far enough to explain the significance of nuclear fusions in the 
different sorts of spores, and to indicate where in the life-cycle the 
sexual fusion occurs, or originally did occur. Much patient work 
has already been done by eminent investigators, Dangeard, Sappin- 
Trouffy, Raciborski, Poirault, Harper and others, and many facts 
have been brought to light, but we are more bewildered than edi- 
fied by the results. : 

There seem to be a few things that we may accept as reason- 
ably certain. One is that no close relationship exists between the 
Uredineae and the Ascomycetes, as advocated by DeBary, but that, 
on the other hand, the Uredineae and the Basidiomycetes have 
direct kinship. The nuclear fusions found in the teleutospore and 
in the basidium appear to be of similar nature, although probably 
without sexual significance. 

The simple structure of the vegetative parts of the Uredineae 
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should not mislead us into thinking that the family represents a 
reduced branch of the Basidiomycetes, for in all probability one 
family is as highly developed as the other, only one is along sapro- 
phytic lines of adaptation, and the other along parasitic. There 
are, in fact, some reasons for supposing that the Uredineae stand 
in the lead. 

Of the various problems which cytological studies are expected 
to illuminate, none is more pressing than to discover the probable 
original function of the spermogonium. This body was at first 
held to be of the nature of the male sexual organ, hence the name, 
but all the studies and observations of recent times have done little 
to establish this view. Most students of the rusts ignore the 
structure entirely, or attach slight importance to it. 

Without going into an argument, or even presenting opposing 
views, permit me to call attention to some significant facts regarding 
the spermogonium. These facts, it seems to me, tend to substan- 
tiate the assumption that we are dealing with the structure that 
originally functioned as the male reproductive body, but which 
long since in the developmental history, has ceased its functional 
activity, and become in all respects a disappearing organ. In the 
first place, in all cases where the life-cycle is known, the first body 
that is formed from the mycelium arising from teleutosporic conidia 
is the spermogonium. It begins the series of spore structures. 
In a full series the next structure is the aecidium, then comes the 
uredo and the amphispore if the latter occurs at all, both being 
asexual spores to meet requirements for rapid and certain distribu- 
tion, and finally the teleutospore, having its characteristic mode of 
germination. The uredo and amphispores may be left out of this 
cycle, and often are, without disturbing the vigor and success of 
the organism. If the aecidium is omitted, however, the spore- 
form immediately associated with the spermogonia will be the 
uredo. These uredospores which arise along with spermogonia, 
however, differ in some physiological characteristics from those 
that arise later, having a greater disturbing influence upon the host, 
and are usually designated as primary uredo. It is significant in 
this connection that cytologically the aecidiospore and the uredo- 
spore are essentially alike. Going a step further, in what I con- 
sider reduction, and having both the aecidium and uredo omitted, 
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we have the spermogonium appearing just in advance of the teleu- 
tospore. There is but one possible further reduction, and that is 
the suppression of the spermogonium, and we then have the whole 
cycle reduced to the simple formation of teleutospores. 

To present the whole basis on which my argument rests, would 
take altogether too much time, and even to answer the queries and 
possible objections that will arise in the mind of every one who 
has some acquaintance with the subject, is equally out of question 
at the present, and I will instead give the conclusions at which I 
have arrived, and trust to some future opportunity for substanti- 
ating them. 

I look upon the spermogonium as the beginning of the life- 
cycle, or more logically, the most important point in the cycle, in 
a fully developed rust organism. With it, and its associated 
spore-form, is always found the greatest exhibition of fungous 
vigor, showing some remnant of the original sexual power. The 
teleutospores I consider the close of the life-cycle, and the struc- 
ture that is absolutely essential to the species. In the course of 
reduction, due to parasitism, the female sexual structures disap- 
pear first, then the male, and the final state is that of a purely 
sporophytic form. 

If in this review of some of the problems confronting the ure- 
dinologist, I have more bewildered you than clarified the subject, 
you may be somewhat consoled by knowing that it is the frame 
of mind in which uredinologists themselves are usually plunged 
when they try to think out a connected and logical statement for 
these perplexing fungi. The subject at the present time is too 
much in shadow to present a concrete, recognizable picture. 
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Hepaticae of Puerto Rico 
Il. DREPANOLEJEUNEA 


By ALEXANDER W. EvANs 


(With PLaTes 1-6) 


The close relationship which exists between Drepanoleyeunea and 
Lcptolejeunea has already been commented upon in the first paper 
of this series.* It may be added that the species of Drepanole- 
jeunea, like those of Leptolejeunea, are almost exclusively tropical, 
a single exception being found in D. hamatifolia (Hook.) Schiffn., 
a species originally known from western Europe but since reported 
from Puerto Rico and also from southern Africa.+ Many species 
of Drepanolejeunea grow on living leaves, but others prefer rotten 
wood or the bark of trees, and D. hamatifolia often occurs on 
rocks. Certain species creep through tufts of mosses or other 
hepatics from which it is often difficult to disentangle them. It 
is much more common in fact to find several closely related species 
growing together on a leaf or a piece of bark than to find a patch 
composed of a single species. 

In the ‘‘ Expositio Hepaticarum Portoricensium” of Hampe 
and Gottsche { three species of Lejeunea are included which are 
now referred to Drepanolejeunea. These are D. hamatifolia, to 
which attention has already been called, D. inchoata (Meissn.) 
Schiffn. and D. tenuis (R. Bl. & Nees) Schiffn. They were col- 
lected about fifty years ago by Carl Schwanecke in the vicinity of 
Humacao at the eastern end of the island. Only one of these 
species, J). inchoata, has since been found in Puerto Rico and there 
is consequently some doubt regarding the determinations of the 
other two. JD. tenuis, for example, was first described from Java 
and although it has been reported from French Guiana § and also, 
much more recently, from Costa Rica,|| Spruce questions its oc- 


* Bull. Torrey Club, 29: 496. 1902. 

+ Pearson, Christiania Vidensk.-Selsk. Forh. 18863: 5. 

t Linnaea, 25: 337-358. 1852. 

4G. L. & N. Syn. Hep. 390. 1845. 

|| Stephani, Bull. Soc. Roy. Bot. de Belgique, 31: 179. 1892. 
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currence in America.* With regard to D. hamatifolia it should be 
stated that no American stations for the species have recently been 
cited with any degree of certainty and that the American specimens 
quoted in the Synopsis Hepaticarum + undoubtedly belong else- 
where. Schiffner{ reports, nevertheless, that specimens of a 
Drepanoleyeunea identical with this species or at any rate very close 
to it occur in Schwanecke’s collection mixed with //arpalejeunea 
patentissima, and it is possible that these were the plants determined 
by Hampe and Gottsche. <A fourth species, D. sudulata, has 
recently been described by Stephani, likewise from Schwanecke’s 
collection. It appears probable that this species is based on the 
Lejeunia tenuis’ of Hampe and Gottsche’s list, although this is 
not definitely stated by its author. 

The collections of Puerto Rico Hepaticae made by A. A. Heller 
and by the writer include ten species of Drepano/lejeunca, all found 
in the Luquillo Mountains. Of these ten species 2). inchoata and 
D. subulata have already been recorded from the island, four of the 
other species, D. Araucariae, D. bidens, D. cructanella and D. in- 
Sundibulata, are known from other parts of tropical America, while 
the remaining four are apparently undescribed. Of the two re- 
corded species D. inchoata has a wide distribution in South America 
and the West Indies, while D. suéu/ata is known from Puerto Rico 
only. It will be seen therefore that fifty per cent. of the species 
known with certainty from the island seem to be endemic, a ratio 
which will doubtless be reduced by careful exploration of the 
neighboring islands. 

In all the Puerto Rico species of Drepanolejeunca the lobule is 
constructed on essentially the same plan as in Leftolejeunca sten- 
ophylla and L. hamulata. This type of lobule is characterized by 
a peculiar curved cell or tooth at the apex, which assists mate- 
rially in forming the opening into the water-sac of the leaf. At 
the base of the tooth on the side toward the axis there is present 
a slight depression or notch in which a unicellular thin-walled and 
hyaline papilla is situated. The terminal cell curves outward, 
coming into contact with the postical surface of the lobe and some- 


* Hep. Amaz. et And. 192. 1884. 
t P. 344. See also Stephani, Hedwigia, 29: 71. 18go. 
¢ Engler’s Bot. Jahrb. 23: 591. 1897. 
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times extending as far as the end of the keel, which in many cases 
curves forward and meets it. The extreme development of this 
type of lobule is seen especially well in D. crucianella ( pl. 4, f. 13) 
but is also found in D. didens and in other species. The lower edge 
of the lobule is here adnate in its outer part to the postical surface 
of the lobe, giving rise in this way to a short and rudimentary 
wing which is scarcely a cell broad and only one or two cells 
long. The adnate portion of the lobule is itself only two or three 
cells long and a single cell wide ; its terminal cell, although attached 
at its base to the lobe, projects at its apex as a distinct tooth which 
meets the curved tooth at the apex of the lobule. These two 
teeth, together with the sinus of the lobule, form a circular open- 
ing into the water-sac. We find among the Puerto Rico Drepano- 
/eyeuneae all gradations between this extreme development of the 
lobule and that seen for example in D. suu/ata, where the terminal 
cell is only slightly curved and does not reach the end of the keel. 
We must bear in mind, however, that the development of the lob- 
ule is very dependent upon external conditions and that we fre- 
quently find specimens in which the typical lobular characters of 
the species are not clearly indicated. 

Although ocelli are not usually found in Drepanolejyeunea, no 
fewer than six of the Puerto Rico species exhibit them. They are 
never conspicuous and their number (in the vegetative leaves at least) 
never exceeds two. Even in species in which they are normally 
present, many of the leaves, especially those which are poorly de- 
veloped, fail to show them. The ocelli in most cases are no 
larger than the neighboring cells and usually retain their angular 
form even when their contents become lifeless. They are distin- 
guished by the granular or fatty bodies which they contain and do 
not usually become hyaline and empty as in many other Lejeuneae. 
Sometimes the addition of potash solution brings them out more 
clearly. With regard to the uses of these ocelli practically noth- 
ing is known, although it is probable that they sometimes take 
part in the formation of the water-sac as in Leftolejeunea exocellata. 
It is not at all likely, however, that they are ever the empty 
mother-cells of disc-shaped gemmae as in certain species of Co/o- 
lejeunea and probably of other genera. Drepanolejeunea in fact 
seems never to develop gemmae of this type but reproduces itself 
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vegetatively by means of leafy propagula which are similar to 
those of Leptolejeunea. 

In the present paper only those species are described of which 
specimens from Puerto Rico have been personally examined, but 
a few critical notes are interpolated regarding J). hamatifolia and 
D. tenuis, The writer would express his thanks to Mr. Matthew B. 
Slater, of Molton, Yorkshire, who has kindly loaned him for study 
the various species of Drepanoleyeunea described by Spruce, and 
also to Herr Stephani, of Leipzig, who has confirmed several deter- 
minations. 


Drepanolejeunea biocellata sp. nov. 


Yellowish- or brownish-green, growing in thin irregular patches ; 
stems 0.04 mm. in diameter, closely adherent to substratum, irregu- 
larly pinnate, the branches widely spreading: leaves distant to 
slightly imbricated, the lobe suberect to obliquely spreading, more 
or less convex, often deflexed at the apex, ovate, distinctly nar- 
rowed toward the base, 0.35 mm. long, 0.2 mm. wide, attached 
by a short oblique line of insertion, straight or slightly falcate, 
margin entire or more or less denticulate from projecting cells, 
sometimes with an indistinct angular tooth near end of keel, anti- 
cal margin arched, postical margin straight or nearly so, apex ob- 
tuse to acute, usually tipped with a single cell, rarely with two 
cells in a row; lobule ovate, 0.14 mm. long, 0.09 mm. wide, in- 
flated throughout or plane at apex and along part of free margin, 
keel arched, roughened near end from projecting cells, free mar- 
gin sometimes plane and appressed to lobe but usually involute 
to beyond apex then passing by a lunulate sinus to end of keel, 
apical tooth strongly curved; cells of lobe plane or slightly con- 
vex, averaging 15 # at the margin and 18x 15 # in the median and 
basal regions, walls more or less thickened, trigones and inter- 
mediate thickenings sometimes distinct, sometimes confluent and 
indistinct ; ocelli commonly two, one in lower half of lobe, the 
other (sometimes obsolete) at or near the base, a little larger than 
the surrounding cells, measuring 27x 18: underleaves distant, 
basal portion rectangular or trapezoidal, 0.05 mm. long, 0.045 mm. 
wide at base, marginal cells six, scarcely bulging, divisions widely 
spreading, consisting of two or three cells in a single row, with a 
spread of 0.1 mm.: inflorescence dioicous: 9 inflorescence on a 
short branch, innovating on one side with a short and simple inno- 
vation ; bracts obliquely spreading, complicate, unequally bifid, 
the lobe ovate-lanceolate, 0.35 mm. long, 0.15 mm. wide, acute, 
margin entire or irregularly and vaguely crenulate, lobule oblong, 
0.2 mm. long, 0.09 mm. wide, truncate to bluntly pointed, entire ; 
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bracteole free or nearly so, oblong, 0.3 mm. long, 0.15 mm. wide, 
bifid about one half with subulate acute divisions, margin entire : 
perianth obovoid, projecting somewhat beyond bracts, 0.6 mm. 
long, 0.35 mm. wide, narrowed toward base, truncate above and 
with a short beak, terete in lower part, sharply five-keeled above, 
the antical keel lower than the others and sometimes obsolete, keels 
rounded above or projecting as short horizontal obtuse or acute 
horns, more or less roughened or dentate at their extremities from 
projecting cells: ¢ inflorescence terminal ; bracts in several to many 
pairs, inflated, shortly bifid, the lobe obtuse and the lobule rounded, 
keel strongly arched, bordered in the outer part by a row of bulg- 
ing hyaline cells, bracteoles limited to base of spike, rudimen- 
tary ; antheridia in pairs: mature sporophyte unknown (//. 7, /. 


1-9). 

On living leaves and on alog. El Yunque, Evans (23 p.p., 89 
p-p-). 

The original specimens of this species from which the draw- 
ings were made were collected in 1900 on living leaves and show 
no signs of reproductive organs with the exception of propagula. — 
They may be looked upon as the type of the species because in 
them the foliar characters are better developed than in the fertile 
material with perianths collected in 1902 on a log. In all of the 
specimens examined branches with rudimentary leaves are fre- 
quent, and many of these microphyllous branches, but by no means 
all of them, bear leafy propagula similar to those described for Lepto- 
leyeunea stenophylla and L. hamulata. The leaf-cells of D. drocel- 
/ata are very variable with respect to the local thickenings of their 
walls. In some cases the cells have fairly thin walls with small 
trigones, in other cases the walls show conspicuous trigones and 
intermediate thickenings, while in still other cases the thickenings 
are more or less confluent and give the walls the appearance of 
being irregularly thickened. It is sometimes possible to find 
these various conditions on a single plant. 


DREPANOLEJEUNEA SUBULATA Steph. 


? Lejeunea tenuis Hampe & Gottsche, Linnaea, 25: 356. 1852. 
Not Lejeunea tenuis (R. Bl. & N.) Nees. 
Drepanolejeunea subulata Steph. Hedwigia, 35: 83. 1896. 


Pale yellowish-green, growing in loose thin mats or creeping 
among other prostrate hepatics : stems 0.05 mm. in diameter, pros- — 
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trate, sparingly and irregularly pinnate, the branches obliquely or 
widely spreading : leaves distant to subimbricated, the lobe erect 
and subparallel with the axis or slightly spreading, plane or some- 
what convex, oblong-lanceolate, 0.4 mm. long, 0.15 mm. wide, 
narrowed toward the base and attached by a short, slightly oblique 
line of insertion, margin irregularly crenulate from projecting cells, 
antical margin slightly curved, apex acute to abruptly acuminate, 
tipped with a single cell or more commonly with two or three cells 
in a single row, postical margin curved at about the middle of the 
leaf, usually forming an obtuse angle with keel; lobule ovate, 
strongly inflated (except in apical region), 0.15 mm. long, 0.1 mm. 
wide, keel strongly arched, more or less crenulate at least in outer 
part from projecting cells, free margin usually involute as far as 
apex, almost straight when explanate, passing beyond apex by a 
rounded to obtuse sinus to end of keel, apex acute, tipped with a 
single slightly curved cell; cells of lobe somewhat convex, thin- 
walled but with large trigones projecting slightly into cell-cavities, 
intermediate thickenings rare, cells averaging 23 x 16 y% at the 
edge of the leaf and 23 » in the middle; base of lobe showing a 
distinct group of four oblong cells, each about 30 # long and 9 
wide ; ocelli none; cells of lobule with wavy outlines and no tri- 
gones, averaging 14 x 17 #: underleaves distant, basal portion 
quadrate, scarcely narrowed at line of attachment, 0.05 mm. 
long, marginal cells six, not bulging, divisions erect-spreading, 
consisting usually of three cells in a row, rarely two cells 
wide at base, with a spread of 0.06 mm.: inflorescence dioicous : 
? inflorescence borne on a short branch, innovating on one 
side with a simple and sterile innovation ; bracts obliquely spread- 
ing, scarcely complicate, unequally bifid, the lobe ovate, acute to 
acuminate, 0.4 mm. long, 0.2 mm. wide, margin subentire to irreg- 
ularly and sparsely dentate or spinulose, lobule ovate, 0.3 mm. 
long, 0.15 mm. wide, acuminate to blunt at the apex, margin as 
in lobes ; bracteole free or slightly connate at the base, oblong to 
subrotund, 0.35 mm. long, 0.15 mm. wide at base, bifid one third 
to one half with acute to acuminate divisions and acute sinus, 
margin as in bracts but usually less toothed ; perianth somewhat 
exserted, obovoid, 0.7 mm. long, 0.35 mm. wide, narrowed at the 
base, rounded to truncate at the apex and with a short beak, terete 
below, sharply five-keeled above, the keels rounded in the upper 
part and slightly roughened from projecting cells, not project- 
ing as horns: ¢ inflorescence terminal; bracts in a few pairs, 
large, rotund-galeate, compressed, truncate above, and scarcely 
bifid, with a row of hyaline projecting cells along keel (p/. 7, /. 


10-19). 
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On bark of trees, mixed with other hepatics ; north slope of 
the Luquillo Mountains, //e//er (4712 4737 El Yunque, 
Evans (53 p-p.). First collected by Schwanecke. 

Drepanolejeunea subulata is closely allied to D. tenuis and also 
to Lejeunea (Drepano-Lej.) anoplantha Spruce, a species first col- 
lected by its author in South America but afterwards found by 
Elliott on Dominica and by Britton and Cowell on St. Kitts. 
These three species agree in their general appearance and in the 
possession of a perianth without horns, a most unusual character 
for the genus. JL. anoplantha resembles D. subu/ata further in the 
shape of its underleaves and in the presence of four elongated cells 
at the base of its leaf-lobes. It differs from the Puerto Rico 
species in its broader lobes, measuring nine to twelve cells across 
instead of seven to nine cells, in its smaller leaf-cells, averaging 
17 in the middle of the lobe, in the more obscure thickenings 
of their walls, and in its blunter leaf-apices, each tipped usually 
with a single cell. 

Through the kindness of Dr. G. Lindau, of Berlin, the writer 
has had the privilege of examining specimens of D. tenuis col- 
lected by Teysmann in Java and determined by Gottsche. In 
these specimens the leaves are abruptly dilated above the base and 
then gradually narrowed to the apex, which commonly ends in a 
single row of three or four cells. This brings the broadest part 
of the lobe above the middle rather than at the middle as in D. 
subulata, Inthe Javan species also the apex of the lobe frequently 
points outward although this condition is not unknown in J. sudu- 
fata. Perhaps the most striking difference between the two species 
is found in the distinct teeth on the antical margin of the lobe in 
D. tenuis, These teeth are commonly three to five in number, 
each consisting of a single cell or of two or three superimposed 
cells. On slender branches the teeth are sometimes poorly de- 
veloped and sometimes more strongly developed than on robust 
axes. The perichaetial bracts and bracteoles of D. tenuis finally 
are strongly spinose-dentate. 


Drepanolejeunea crassiretis sp. nov. 


Yellowish-green, varying to brownish, growing in thin patches: 
stems 0.05 mm. in diameter, prostrate, irregularly pinnate, the 
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branches obliquely or widely spreading : leaves more or less im- 
bricated, the lobe erect and subparallel with the axis or slightly 
spreading at the base with the apex turned forward, strongly con- 
vex, oblong-ovate to ovate-lanceolate, 0.3 mm. long, 0.17 mm. 
wide, somewhat narrowed toward the base and attached by a short 
slightly oblique line of insertion, margin subentire or indistinctly 
crenulate or denticulate from projecting cells, antical margin 
arched, postical margin more or less involute beyond keel, in ex- 
planate leaves forming a continuous line with keel, apex varying 
from rounded to acute, on slender leaves occasionally tipped with 
two superimposed cells; lobule strongly inflated throughout, 
ovate, 0.17 mm. long, 0.09 mm. wide, keel strongly arched, 
slightly roughened in outer part from projecting cells, free margin 
involute to beyond apex, then passing by a lunulate sinus to end 
of keel, apical tooth slightly curved (not clearly visible without 
dissection) ; cells of lobe convex, averaging Ig # in diameter, with 
large and conspicuous trigones and occasional intermediate thick- 
enings separated by small pits, convex wall also thickened, cell- 
cavities varying from rounded to distinctly stellate, base of lobe 
showing an indistinct group of elongated cells as in D. sudbulata ; 
ocelli none ; cells of lobule thickened but without distinct trigones : 
underleaves distant, basal portion trapezoidal, 0.05 mm. long, 0.04 
mm. wide at the base, marginal cells six, the middle one on each 
side more or less bulging but less distinctly so than in Leffole- 
Jeunea exocellata, divisions widely spreading, each consisting of two 
or three cells in a single row, with a spread of 0.07 mm. : cells of 
underleaf with distinctly thickened walls: inflorescence dioicous : 
? inflorescence on a short branch, innovating on one side with a 
simple and sterile innovation ; bracts obliquely spreading, compli- 
cate, shortly and unequally bifid, the lobe ovate, falcate, 0.5 mm. 
long, 0.35 mm. wide, obtuse to acute, entire or irregularly repand 
and denticulate, lobule oblong, 0.25 mm. long, 0.08 mm. wide, 
truncate, scarcely separated from lobe; bracteole free or nearly 
so, oblong-obovate, 0.35 mm. long, 0.25 mm. wide, bifid about 
one third with a broad sinus and triangular acute divisions : 
perianth and ¢ inflorescence unknown (f/. 2, f. 7-73). 


Ona log. El Yunque, Evans (89 

The nearest ally of this new species is apparently D. sududata, 
The two plants resemble each other in their convex leaf-lobes 
which are erect or approximately so, in the group of elongated 
cells at the base of the lobe, and in the slightly curved terminal 
tooth of the lobule. D. crassiretis differs from D. sududata in its 
blunter leaves, in its smaller leaf-cells which have thickened 
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convex walls and more conspicuous trigones, in its firmer under- 
leaves with thicker cell-walls and in its less sharply pointed bracts 
with blunt lobules. Propagula have not as yet been observed in 
either species. 

The type-specimens of D. crassiretis grow mixed with D. diocel- 
/ata and the two species have certain characters in common, such as 
the thickened cell-walls and the blunt leaf-lobes. There is, how- 
ever, little difficulty in distinguishing them, on account of the ocel- 
late and usually spreading lobes of DL. dtocellata, the less con- 
spicuous local thickenings in its cells, the more strongly curved 
apical teeth of its lobules, its narrower perichaetial bracts and 
narrower and more deeply bifid bracteoles. 


DREPANOLEJEUNEA ARAUCARIAE Steph. 


Drepanolejeunea Araucartae Steph. Hedwigia, 35: 80. 1896. 

Bright green varying to brownish green, growing in thin 
irregular patches often in company with other Lejeuneae: stems 
0.025 mm, in diameter, prostrate, sparingly and irregularly pinnate, 
the branches widely spreading: leaves distant, the lobe obliquely 
spreading in the lower part, widely spreading above, plane or 
slightly concave, falcate-lanceolate, 0.25 mm. long, 0.09 mm. 
wide, scarcely narrowed at the base and attached by an almost 
longitudinal line of insertion, margin denticulate, the teeth about 
three on each side, projecting away from the substratum, each 
tooth usually a projection from a single cell, the tooth near keel 
often larger than the others and composed of from one to three 
cells, apex attenuate ending in two or three cells in a row; lobule 
strongly inflated, broadly ovate, 0.1 mm. long, 0.07 mm. wide, 
keel strongly arched, distinctly roughened in outer part from pro- 
jecting cells, free margin slightly curved, plane and appressed to 
lobe, passing beyond apex by a lunulate sinus to end of keel, 
apical tooth more or less curved ; cells of lobe plane or nearly so, 
averaging 14 x 9, thin-walled ; ocelli commonly two, one at the 
very base of the lobe measuring 18 x 14 4, the other close to the 
apex of the lobule: underleaves distant, basal portion subquad- 
rate, 0.03 mm. long, marginal cells six, divisions obliquely to 
widely spreading (up to 0.08 mm.), each consisting of two or three 
cells in a row: inflorescence dioicous: @ inflorescence usually 
on a short branch, more rarely on an elongated branch, innovating 
on one side with a simple and sterile innovation ; bracts erect- 
spreading, more or less complicate, unequally bifid, the lobe ovate 
to ovate-lanceolate, attenuate, coarsely and irregularly laciniate 
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or spinose-dentate, 0.25 mm. long, 0.1 mm. wide, lobule irregular 
in shape, 0.15 mm. long, 0.07 mm. wide, laciniate ; bracteole 
more or less connate on one side, ovate, 0.2 mm. long, 0.15 mm. 
wide, bifid about one half with attenuate divisions, margin irregu- 
larly spinose-dentate ; perianth oblong, five-keeled, keels slightly 
spinose at the apex, postical keels long and narrowly decurrent, 
parallel, beak tubular, long for the size of the plant: ¢ inflo- 
rescence on a short branch ; bracts in one or two pairs, imbricated, 
strongly inflated, the lobe orbicular, abruptly acute at the apex, 
lobule subacute, keel roughened in the outer part: antheridia 
borne singly 2, 74-23). 

On living leaves. El Yunque, Zvans (36 197). Origi- 
nally collected in Brazil by U/e. 

D. Araucariae is related more or less closely to the four fol- 
lowing species under which its differential characters will be noted. 
It may be stated here, however, that it differs from all of them in 
its smaller size and in its smaller leaf-cells. It is in fact the small- 
est and most delicate of all known Drepanolejeuncae from Puerto 
Rico. Its propagula offer little that is distinctive. The rudimen- 
tary leaves behind which they arise are sometimes borne on spe- 
cialized axes and are sometimes scattered among normal leaves. 
The description of the perianth is taken from Stephani. 


Drepanolejeunea dissitifolia sp. nov. 


Brownish-green, growing in thin irregular patches : stems 0.04 
mm. in diameter, prostrate, irregularly pinnate, the branches 
widely spreading: leaves distant, the lobe obliquely spreading in 
the lower part, widely spreading above, somewhat convex, falcate- 
lanceolate, 0.3 mm. long, 0.09 mm. wide, slightly narrowed at the 
base and attached by an almost longitudinal line of insertion, mar- 
gin entire or slightly crenulate or denticulate from projecting cells, 
apex acute to short-acuminate, ending in one cell or in two super- 
imposed cells ; lobules strongly inflated, ovate, 0.1 mm. long, 0.07 
mm. wide, keel strongly arched, roughened in outer part from 
projecting cells, free margin slightly curved, involute near base, 
passing beyond apex by a lunulate sinus to end of keel, apical 
tooth strongly curved ; leaf-cells plane or slightly convex, thin- 
walled, averaging 16x12; ocelli none: underleaves distant, 
basal portion quadrate to trapezoidal, 0.045 mm. long, marginal 
cells usually six to eight, rarely as many as ten, divisions widely 
spreading, sometimes at an angle of 180°, having a spread of 0.15 
mm., each three or four cells long and two cells wide at base : 
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inflorescence dioicous: @ inflorescence unknown: ¢ inflorescence 
terminal on a short or somewhat elongated branch ; bracts in one 
to four pairs, closely imbricated and strongly inflated, the lobe 
obliquely spreading, acute, lobule acute, tipped with a small 
straight apical tooth separated from the end of the keel by a shal- 
low and subacute sinus: antheridia borne singly (f/. 3, f. 7-8). 


On living leaves. El Yunque, Zvans (23 /.p.). 

‘The underleaves of D. dissitifolia are more complex than in 
any of the other Puerto Rico species and form one of its most 
striking peculiarities. They show their complexity in the large 
number of cells of which they are composed, the widely spreading 
divisions and the marginal portion of the base both showing more 
than the usual number. These complex underleaves to be sure 
are not invariably developed, those on slender axes often showing 
a smaller number of cells than those on robust axes. 

D. dissitifolia is only a trifle larger than D. Araucariae which 
it much resembles in habit. The latter species differs in its dis- 
tinctly denticulate leaves, in its ocelli, and in the abruptly pointed 
lobes of its perigonial bracts. J). dissitifolia also resémbles to a 
certain extent D. diocellata with which the type-specimens are 
badly mixed. JD. diocellata, however, is a more robust plant with 
broader and blunter ocellate leaves and differs further in the thick- 
ened walls of its leaf-cells and in its diandrous perigonial bracts. 

The propagula of D. dissitifolia are borne on branches which 
are scarcely modified and are frequent both on male and on sterile 
individuals. In several cases a propagulum which had become 
established developed a few normal leaves and then passed directly 
into a male inflorescence without branching. The first leaves and 
underleaves of the propagula are less specialized than in Leffo- 
lejeunea, the disc on the first underleaf being small and the second 
leaf showing a well-developed lobule. In the first few leaves, how- 
ever, the lobe remains short, extending but slightly beyond the 
lobule and its postical margin frequently bears from one to three 
sharp teeth. 


Drepanolejeunea bidens (Steph.) 
Lejeunea (Drepano-Lejeunea) bidens Steph. Hedwigia, 29: 71. 
1890. 
Yellowish-green, growing in thin and loose patches : stems 
0.035 mm. in diameter, prostrate, irregularly pinnate, the branches 
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widely spreading : leaves distant to subimbricated, the lobe sub- 
erect or obliquely spreading in the lower part, widely spreading 
above, convex, falcate-lanceolate, 0.35 mm. long, 0.08 mm. wide, 
somewhat narrowed toward the base and attached by an almost 
longitudinal line of insertion, margin subentire or slightly crenulate 
or denticulate from projecting cells, rarely with a larger blunt tooth 
near end of keel, apex long-acuminate, ending in a row of two or 
three cells; lobule strongly inflated at base and along keel, 
broadly ovate, 0.15 mm. long, 0.1 mm. wide, keel strongly arched, 
slightly roughened in outer part from projecting cells, free margin 
plane and appressed to lobe, passing beyond apex by a lunulate 
sinus to end of keel, apical tooth strongly curved ; cells of lobe 
somewhat convex, their walls slightly but uniformly thickened, 
averaging 19 xX 14 4; ocelli commonly two, one at the base of the 
lobe, the other at about the middle, indistinct : underleaves distant, 
basal portion quadrate or rectangular, 0.03 mm. long, marginal 
cells six, divisions obliquely to widely spreading (up to 0.07 mm.), 
each consisting of two or three cells in a sjngle row, rarely two 
cells wide at base: inflorescence dioicous: ~ inflorescence borne 
on a very short branch innovating on one side with a simple 
and sterile innovation ; bracts obliquely spreading, unequally bifid, 
the lobe ovate, 0.35 mm. long, 0.15 mm. wide. long-acuminate, 
the margin coarsely and irregularly dentate or spinulose-ciliate, 
usually with from four to seven teeth, lobule irregular in shape, 
0.25 mm. long, 0.08 mm. wide, acute to acuminate, margin as in 
lobe, but usually with fewer teeth (mostly one to five); bracteole 
connate on one side, ovate, 0.3 mm. long, 0.15 mm. wide, bifid 
about one third with erect, subacuminate lobes and narrow sinus, 
margin as in bracts, usually with from five to twelve teeth in all : 
perianth broadly obovoid, 0.4 mm. long, 0.3 mm. wide, gradually 
narrowed toward the base, truncate above and with a short beak, 
terete below, sharply five-keeled in upper part, the keels project- 
ing outward as subacute, slightly dentate horns ; ¢ infloresence 
unknown ( f/. 3, 9-77). 

On rotten wood. North slope of the Luquillo Mountains, 
Heller (1139). El Yunque, Fvans (4, 196). 

The type-specimens of D. didens are in the Lindenberg her- 
barium at Vienna. They were preserved there under the name 
“Lejeunca hamatifolia” until Stephani proved their distinctness. 
Nothing definite seems to be known as to where they were col- 
lected, their label reading simply (according to Stephani) ‘“‘ in cor- 
tice peruv.,” but it is probable that they came from tropical 
America. The species does not seem to be uncommon in the 
Luquillo Mountains. 
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Although PD. didens is a somewhat smaller plant than D. hamati- 
folia, the two species are closely related. In the latter species, 
however, the lobes of the leaves are shorter and less attenuate, and 
the antical margin is usually distinctly dentate, especially in the 
lower part. The leaf-cells are of about the same size in the two 
species but in D. hamatfolia the trigones are more conspicuous. 
The underleaves also offer good points of difference, the basal por- 
tion in D. hamatifolia being often bordered by more than six mar- 
ginal cells and the widely spreading divisions measuring four or 
five cells in length and usually two cells in width at the base. In 
the European species, finally, the leaves are destitute of ocelli and 
the inflorescence is autoicous. 

Among the Puerto Rico species D. Araucariae and D. dissiti- 
folia are both close to D. didens, as is also the species next de- 
scribed. Aside from the difference in size already noted D. Arau- 
cariae differs from D. didens in its more distant leaves with more 
denticulate margins and in its more laciniate bracts and bracteoles. 
In LP. dissitifolia also the leaves are more distant than in D. didens 
and are distinguished further by being exocellate, but in this 
species the larger and more complicated underleaves offer the best 
differential characters. 

Propagula are so abundantly produced in D. éidens that the 
microphyllous branches upon which they are borne deserve a few 
words of description. A branch of this character usually bears 
normal leaves at its base but as we proceed toward the apex we 
find the leaves gradually becoming smaller and arrested in their 
development. The aborted leaves are much shorter and narrower 
than normal leaves, their less attenuate lobes are suberect or ob- 
liquely spreading and are never falcate, their lobules are much 
reduced, in extreme cases consisting simply of a minute tooth 
borne near the postical base of the lobe. Nearly every one of 
these aborted leaves gives rise to a propagulum just behind it and 
as the propagula become detached very readily we can usually 
observe no signs of them except the basal sheaths which are left 
behind. The underleaves on the microphyllous branches are 
smaller than ordinary underleaves, their divisions being only one 
or two cells long. The propagula themselves are similar to those 
of D. dissitifolia and of other Puerto Rico species. It may be 
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noted here that D. hamatifolia also produces propagula which are 
specialized to only a slight extent ; the first underleaf for example 
although considerably larger than the succeeding one shows only 
a trace of a disc. 


Drepanolejeunea bispinulosa sp. nov. 


Pale green, scattered among other hepatics: stems 0.035 mm. 
in diameter, prostrate, sparingly and irregularly pinnate, the 
branches widely spreading: leaves distant to subimbricated, the 
lobe obliquely spreading in lower part, widely spreading above, 
convex near base, plane or slightly concave beyond lobule, falcate- 
lanceolate, 0.35 mm. long, 0.1 mm. wide, slightly narrowed toward 
base and attached by an almost longitudinal line of insertion, 
margin distinctly crenulate or denticulate from projecting cells 
except near the base, the tooth near end of keel and the opposite 
tooth on antical margin larger than the others and spiniform, usu- 
ally two or three cells long and one or two cells wide at the base, 
rarely obsolete, apex long-acuminate, ending in a row of three or 
four cells; lobule strongly inflated throughout, ovate, 0.15 mm. 
long, 0.1 mm. wide, keel strongly arched, distinctly roughened in 
the outer part from projecting cells, free margin involute to or be- 
yond the apex, then passing by a lunulate sinus to end of keel, 
apical tooth strongly curved; cells of lobe slightly convex, the 
projecting wall slightly thickened, lateral walls variable, sometimes 
slightly and uniformly thickened, sometimes with small trigones, 
averaging 17 x 12; ocelli indistinct, usually one in the middle 
of the lobe, sometimes obsolete : underleaves distant, similar to 
those of D. didens > remaining parts unknown (f/. 4, 7-7). 


On rotten wood. Luquillo Mountains, //e//er (4743 7./.). 

Drepanolejeunea bispinulosa is very closely related to D. didens, 
so closely in fact that it may be questioned whether it is really 
distinct or whether it represents a robust condition of that species. 
It differs from D. d:dens in the more distinctly crenulate or denticu- 
late margins of its lobes and especially in their two spiniform teeth. 
These slight differences give the plants an entirely different ap- 
pearance from those of D. didens, and so far no connecting links 
have been observed. Unfortunately the plants are entirely with- 
out sexual organs and do not even show propagula. 

Almost equally close to D. dispinulosa is the Andine Lejeunea 
(Drepano-Lej.) lichenicola Spruce.* The two species are of about 


* Hep. Amaz, et And. rot. 1884. 
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the same size and agree in most of their leaf-characters. In 
L. lichenicola however no spiniform tooth is developed on the 
antical margin of the lobe. It differs from D. dzspinulosa also in 
its underleaves which are characterized by their larger size and 
more widely spreading divisions, resembling to a certain extent the 
underleaves of D. dissitifolia. 


Drepanolejeunea crucianella (Tayl.) 


Lejeunea crucianella Tay\. Lond. Jour. Bot. 5: 393. 1846. 
Lejeunea (Lepto-Lejeunea) cructanella Spruce, Hep. Amaz. et 
And. 197. 1884. 


Yellowish or brownish-green, growing in thin irregular patches, 
often in company with other Lejeuneae : stems 0.035 mm. in di- 
ameter, closely adherent to substratum, sparingly and irregularly 
pinnate, the branches widely spreading: leaves distant to contig- 
uous, the lobe obliquely spreading, plane or slightly concave, the 
antical margin being more or less reflexed, ovate to ovate-lance- 
olate, 0.3 mm. long, 0.1 mm. wide, slightly narrowed toward base 
and attached by an almost longitudinal line of insertion, margin 
sharply and irregularly toothed beyond lobule, the first postical 
tooth and the opposite antical tooth larger than the others, spini- 
form, measuring three to five cells in length and one to three cells 
in width at the base, the succeeding teeth one to four in number 
on each side, sometimes obsolete, each consisting of one or two 
cells, apex attenuate, ending in a row of three or four cells, often 
curved forward; lobule strongly inflated at base and along keel, 
often plane and appressed to lobe along free margin, broadly ovate, 
o.1 mm. long, 0.08 mm. wide, keel strongly arched, smooth or 
very slightly roughened in outer part from projecting cells, free 
margin passing beyond apex by a lunulate sinus to the terminal 
cell of the adnate portion of the lobule, apical tooth curved ; cells 
of lobe plane or nearly so with slightly and irregularly thickened 
walls, averaging 18x14 /; ocelli inconspicuous and sometimes 
obsolete, commonly two in each lobe, one near the base, the other 
near apex of lobule: underleaves distant, basal portion trapezoidal, 
0.035 mm. long, marginal cells six, divisions widely spreading (up 
to 0.1 mm.), each consisting of two or three cells in a single row: 
inflorescence dioicous : 9 inflorescence borne on a very short branch 
innovating on one side with a simple and sterile innovation ; bracts 
obliquely spreading, unequally bifid, the lobe ovate, 0.25 mm. long, 
0.13 mm. wide, margin irregularly spinose-dentate or ciliate, apex 
attenuate, lobule irregular in shape, 0.17 mm. long, 0.08 mm. 
wide, laciniate ; bracteole connate on one side near base, oblong, 
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0.25 mm. long, 0.13 mm. wide, bifid about two fifths with acumi- 
nate and ciliate divisions and narrow sinus; perianth unknown: 
$ inflorescence terminal ; bracts in two to five pairs, more or less 
imbricated, strongly inflated, shortly bifid, the lobe orbicular, 
abruptly apiculate or blunt at the apex, lobule blunt, keel rough- 
ened in outer part; antheridia in pairs ( f/. 4, 8-77). 

On living leaves. El Yunque, Zvans (42 p.p., 43 
Originally collected at Demerara and since found by Spruce in 
Brazil. 

The type specimens of Lejewnea cructancila in the Taylor her- 
barium are very fragmentary and are also poorly developed. They 
agree very well, however, with some of the rudimentary specimens 
from Puerto Rico, and it seems justifiable to refer the latter to 
Taylor's species in spite of the unsatisfactory condition of the type. 
The specimens in the Lindenberg herbarium, preserved under the 
name ZL. cructanella, are, according to Stephani, a Co/o/eyeunea and 
are referabie to his C. papilii/eba, a species known also from 
Brazil.* 

Apparently D. cructanella received its name on account of the 
peculiar form of the leaves when poorly developed. In these 
cases the spiniform teeth are almost as conspicuous as in well- 
developed leaves, while the apical portion of the lobe is scarcely 
longer than these spreading teeth and is entire or nearly so. This 
condition is seen especially well in ¢ material and is emphasized 
in Spruce’s description. In well-developed leaves where the ap- 
ical portion of the lobe is considerably longer than the spiniform 
teeth and is distinctly toothed on the margin, the specific name 
loses much of its significance. Spruce placed the species in Lefto- 
Lejunea, probably on account of its diandrous bracts, but it is so 
close to several of the species described in the present paper that 
it ought hardly to be separated from them generically. 

Among the Puerto Rico species )). dispinulosa is perhaps the 
most closely related to D. cructanella, the two species agreeing in 
the two spiniform teeth of their lobes. In the latter species, how- 
ever, the teeth are longer and broader at the base and the portion 
of the lobe beyond the teeth is much more strongly toothed. 
The attenuate apex also, instead of spreading widely as in D. 


* Hedwigia, 29: 73. 1890; 34: 250. 1895. 
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bispinulosa, is usually directed forward so that the long axis of the 
lobe is inwardly instead of outwardly curved. Of course the 
sharply toothed lobes would at once distinguish D. crucianella 
from J). Araucariae and from D. dissitifolia, two species which it 
resembles in habit, and also from D. didens. 


Drepanolejeunea infundibulata (Spruce) 


Lejeunea ( Drepano-Lejeunca) infundibulata Spruce, Hep. Amaz. 
et And. Ig!1. 1884. 

Pale green, becoming brownish upon drying, growing in thin 
irregular patches: stems 0.04 mm. in diameter, closely adherent 
to substratum, irregularly pinnate, the branches obliquely to 
widely spreading: leaves distant, the lobe obliquely spreading, 
plane or with one or both margins slightly revolute near the apex, 
lanceolate, 0.5 mm. long, 0.15 mm. wide, straight or more or less 
falcate near apex, somewhat narrowed toward base and attached 
by an oblique line of insertion, margin entire or slightly denticulate 
from projecting cells, usually with a larger and sharper tooth com- 
posed of several cells near end of keel, apex acute to acuminate ; 
lobule ovate, inflated in basal and carinal portions, usually plane 
and appressed to lobe along free margin, 0.15 mm. long, 0.09 
mm. wide, keel arched, smooth or slightly roughened in outer 
part from projecting cells, free margin passing beyond apex by a 
lunulate sinus to end of keel, apical tooth strongly curved; lobule 
often poorly developed; cells of lobe thin-walled and without 
trigones, averaging 17 x 13 4 at edge of lobe and 23 x 13 4 
in the middle; ocelli none: underleaves distant, basal portion 
broadly trapezoidal, 0.03 mm. long, marginal cells six, divisions 
widely spreading, sometimes as much as 180° and with a spread 
of 0.15 mm., each consisting usually of two cells in a row: inflo- 
rescence dioicous: ? inflorescence borne on a very short branch, 
innovating on one side with a simple and sterile innovation ; bracts 
erect-spreading, scarcely complicate, unequally bifid, the lobe lan- 
ceolate, 0.4 mm. long, 0.12 mm. wide, acuminate, margin sub- 
entire or irregularly denticulate, lobule 0.25 mm. long, 0.07 mm. 
wide, acute to truncate, margin as in lobe; bracteole connate on 
one side, oblong-obovate, 0.35 mm. long, 0.14 mm. wide, bifid one 
fourth to one third with obtuse to acute lobes and acute sinus, 
margin as in bracts; perianth long-exserted, narrowly obovoid, 
0.75 mm. long, 0.35 mm. wide in the middle, narrowed toward 
the base, truncate above and with a short beak, terete below, 
sharply five-keeled above, the keels extending outward and upward 
as acute, more or less spinose horns: ¢ inflorescence occupying a 
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short branch, bracts usually in three to ten pairs, closely imbricated, 
strongly inflated, shortly bifid, the lobe acute or obtuse, the lobule 
subacute, keel strongly arched, narrowly but distinctly winged in 
the upper part, the wing slightly denticulate from projecting cells ; 
bracteoles present at base of spike, small, bifid with erect-spread- 
ing lobes and obtuse sinus ; antheridia in pairs ( f/. 5). 

On living leaves. El Yunque, Fvans (21 p.p., 23 Orig- 
inally collected by Spruce on Chimborazo. 

The type-specimens of Lejennea infundibulata in the Spruce 
herbarium are exceedingly fragmentary and are badly mixed with 
L. campanulata Spruce, a closely allied species. They are at the 
same time so weather-worn that it is difficult to gain from them 
a clear idea of the species. Fortunately Spruce’s description is 
definite and is apparently drawn from better specimens. The 
plants from Puerto Rico are in good condition and agree closely 
with the original description and also, so far as one can determine, 
with the battered type. <A single discrepancy with regard to the 
keels of the perianth may be noted. According to Spruce these 
are ‘‘ dilated into broad, acute, almost horizontal subula ”’ and it is 
implied that they are smooth. In the writer’s specimens the keels 
extend outward as slightly spinose horns. An examination of 
the type shows, however, that even here the keels are not invari- 
ably smooth but are sometimes more or less toothed, so that the 
species is apparently subject to considerable variation in this respect. 

D. infundibulata is very closely related to the African Leyeunea 
capulata Tay).* but differs in its exocellate leaves. According to 
Spruce + ZL. capulata occurs in the Amazon region, but the speci- 
mens in the Spruce herbarium referred to this species, although 
very fragmentary, are evidently distinct from the type-material of 
L. capulata in the Taylor herbarium. They seem to be much 
closer to D. didens or to L. lichenicola, but it would be unsafe to 
refer them definitely to either. At all events the evidence is very 
inadequate that Z. capulata is a member of the American flora. 

Other species more or less closely allied to 1). tnfundibulata 
are Lejeunea campanulata, already mentioned, and the Puerto 
Rico species, D. diocellata and D. dissitifolia. L. campanuiata 


* Lond. Jour. Bot. 5: 394. 1846. 
Hep. Amaz. et And. 190. 1884. 
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differs in its ocellate leaves with distinctly denticulate margins and 
in its much shorter perianth with strongly spinose keels. JD. 
diocellata differs in its smaller size, in its ocellate leaves, in its 
smaller leaf-cells with thicker walls and in lacking the sharp tooth 
near the end of the keel. JD. dissitifolia finally is smaller than D. 
infundibulata and is distinguished further by its falcate leaves, by 
its more complicated underleaves and also by the absence of the 
sharp tooth. 

Propagula are abundantly produced by D. infundibulata and 
are borne on microphyllous branches similar to those described 
for D. didens. In extreme cases (f/. 5, /. 3) these branches are 
flagelliform and project at right angles from the substratum. 
The lobes of their leaves are broadly ovate or subrotund, the 
margin is quite entire and the apex varies from subacute to 
rounded. Oftentimes the terminal cell is apiculate. In many 
cases the reduced leaves are only four or five cells long. The 
lobules of these diminutive leaves consist of only three or four 
cells in a row, the termina! cell projecting as a minute tooth and 
the others being adnate to the lobe. The underleaves on the 
microphyllous axes develop no rhizoids and are frequently com- 
posed of only four cells, two forming the basal portion and the 
other two the minute and erect divisions. 


DREPANOLEJEUNEA INCHOATA (Meissn.) Schiffn. 

Jungermannia inchoata Meissn.; Lehmann, Pugillus, 5: 19. 
1833. 

Lejeunca inchoata Meissn.; G. L. & N. Syn. Hep. 343. 1845. 

Lejeunea epitheta Tay\. Lond. Jour. Bot. 5: 395. 1846 (teste 
Stephani).* 

Lejeunea (Drepano-Lejeunea) inchoata Spruce, Hep. Amaz. et 
And. 187. 1884. 

Lejeunea (Drepano-Lejeunea) planiuscula Spruce, /. ¢., 192. 
1884 (¢este Stephani).* 

Drepanoleyeunea inchoata Schiffn.; Engler & Prantl, Nat. Pflan- 
zenfam. 1°: 126. 1893. 


Plants green, becoming brownish upon drying, growing in thin 
irregular patches: stems 0.06 mm. in diameter, closely adherent 


* Hedwigia, 35: 83. 1896. 
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to substratum, irregularly pinnate, the branches widely spreading : 
leaves (when well developed) loosely imbricated, the lobe obliquely 
spreading, plane or inflexed at the apex, falcate-ovate or falcate- 
rotund from a narrow base, 0.75 mm. long, 0.4 mm. wide, attached 
by a short, almost longitudinal line of insertion abruptly curving 
toward the middle of the axis in the upper part, antical margin 
more or less concave toward base, then strongly convex to apex, 
postical margin straight or slightly convex, apex acute, whole 
margin (except concave portion) coarsely gnd irregularly dentate, 
the teeth numerous especially along antical margin, often as many 
as twenty-five for the whole lobe, sharp, sometimes consisting of 
single projecting cells sometimes of small groups of cells, sinuses 
separating teeth lunulate ; lobule inflated in basal and carinal por- 
tions, usually plane and appressed to lobe along free margin, oblong- 
ovate, 0.25 mm. long, 0.14 mm. wide, keel slightly arched, smooth 
or nearly so, free margin almost straight as far as apex, then pass- 
ing by a broad lunulate sinus to end of keel, apical tooth strongly 
curved ; leaves often poorly developed ; cells of lobe plane, with 
more or less confluent trigones and intermediate thickenings, 
averaging 15 # in diameter at edge of lobe, 24 # in the middle and 
46 x 28 4 at the base; ocellus single, often indistinct or obsolete, 
situated in the lower part of the lobe close to the apex of the 
lobule : underleaves distant, basal portion broadly trapezoidal, 0.05 
mm. long, marginal cells six, divisions widely spreading (up to 
0.25 mm.), usually three cells long and one or two cells wide at 
the base: inflorescence dioicous: @ inflorescence borne on a very 
short branch, innovating on one side with a simple or branched 
innovation ; bracts erect-spreading, scarcely complicate, unequally 
bifid, the lobe ovate, 0.4 mm. long, 0.2 mm. wide, acute or acumi- 
nate, margin irregularly dentate to subentire, lobule 0.3 mm. long, 
0.08 mm. wide, acute or bidentate at the apex, margin as in lobe ; 
bracteole connate on one or both sides, linear to ovate, 0.4 mm. long 
0.2 mm. wide, bifid about one third with lanceolate, acuminate lobes 
separated by a narrow sinus, margin as in bracts; perianth about 
two thirds exserted, oblong-obovoid from a narrowed base, 0.6 
mm. long, 0.3 mm. wide in the middle, truncate at the apex and 
with a very short or obsolete beak, terete below, sharply five- 
keeled above, the keels projecting outward as sharp, dentate to 
spinose horns, with usually one to four teeth or spines on each : 
$ inflorescence occupying a short branch ; bracts usually in three 
to eight pairs, closely imbricated, strongly inflated, shortly bifid with 
acute divisions, keel strongly arched with a narrow crenulate wing ; 
bracteoles present at base of spike, bifid with suberect divisions 
separated by a broad lunulate sinus ( f/. 6). 
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On living leaves. First collected by Schwanecke. El Yunque, 
Evans (40, 41, 117).  Type-locality, ‘in ins. Caraib. ad Filices.” 
Now known from several of the West Indian islands, from Costa 
Rica and from various localities in South America. 

D. inchoata may be at once distinguished from all the other 
Puerto Rico species of Drepanolejcunca by its large size and by its 
broad and coarsely dentate leaves, abruptly dilated from a narrow 
base. The description as given above is drawn mainly from 
robust specimens where the leaves attain their best development. 
On slender axes the leaves are smaller and narrower and their 
lobules are often inflated throughout; sometimes the lobules are 
rudimentary. These small-leaved branches must be distinguished 
from the flagelliform branches which bear the propagula. The 
latter are similar to those of D. infundiulata but their leaves are 
a little better developed. In his description of L. plantuscula 
Spruce calls attention briefly to these flagelliform branches but 
gives no hint as to their real significance. He also mentions “a 
form beset with a thick coating of adventitious ramuli, arising 
either from the leaves or (rarely) from the branches.’’ They are 
said to ‘ bear leaves reduced almost entirely to the basal sac, be- 
yond which the lobe projects as a small triangular dentiform 
limb.” These ramuli, which are apparently homologous with the 
propagula of Plagiochila, have not been observed in any of the 
Puerto Rico specimens. 

So far as known the closest ally of D. txcheata is the paleo- 
tropic 2). setistipa Steph., of Java, a species which was long con- 
fused with the American plant. The two species resemble each 
other very closely in their leaf-characters and differ mainly in their 
underleaves and perianths. The differences are well brought out 
by Stephani’s description* and by the somewhat earlier figures of 
Schiffner.t In D. setéstipa the divisions of the underleaves are 
very divaricate, sometimes spreading at an angle of more than 
180° ; according to Schiffner’s figures they measure six or seven 
cells in length and are two cells wide in the lower part. The 
basal portion of the underleaf is bounded by considerably more 


* Hedwigia, 35: 83. 1896. 
t Nova Acta Acad. Caes.-Leop. 69: 4’. 8. f 5 8. 189}. 
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than six marginal cells. The perianth of D. setist#pa is distin- 


guished by its unarmed horns. 
YALE UNIVERSITY. 


Explanation of Plates 

As in the first paper of this series, the figures were drawn by the writer and pre- 

pared for publication by Miss Hyatt. 
PLATE I 

Drepanolejeunea biocellata Evans, 1. Part of stem, postical view, x 70. 2. Part 
of stem, antical view, « 70. 3. Cells from middle of lobe, x 400. 4-6. Apices of 
lobes, « 280. 7. Cells from margin of lobe, x 280. 8. Apex of lobule, X 280. 9. 
Underleaf, 280. The figures were all drawn from the type-specimens. : 


Drepanolejeunea subulata Steph. 10. Part of stem, postical view, X 45. It. 
Leaf, antical view, 45. 12. Cells from middle of lobe, x 400. 13. Apex of lobe, 
280. 14. Base of lobe, 280. 15. Apex of lobule, X 280. 16, Underleaf, « 
280. 17, 18. Bracts, « 70. 19. Bracteole, < 70. The figures were all drawn from 
specimens collected by A. A. Heller (no. 4712). 


PLATE 2 

Drepanolejeunea crassiretis Evans. 1. Part of sterile stem, postical view, X 75. 
2. Part of stem, antical view, * 75. 3. Leaf, flattened out, 75. 4. Cells from 
middle of lobe, « 440. 5-7. Apices of lobes, « 310. 8. Cells from margin of lobe, 
x 310. 9. Apex of lobule, & 310, 10. Underleaf, 310. 11, 12. Bracts, 75. 
13. Bracteole, « 75. ‘The figures were all drawn from the type-specimens. 

Drepanolejeunea Araucariae Steph. 14. Part of stem with 9 inflorescence, posti- 
cal view, * 75. 15. Part of sterile stem, antical view, « 75. 16. Part of stem with 
g inflorescence, postical view, X 75. 17. Cells from middle of lobe, x 440. 18. 
Apical half of lobe. 310. 19. Apex of lobule, & 310. 20, Underleaf, 310. 
21, 22. Bracts, X 75. 23. Bracteole, « 75. The figures were all drawn from the 
specimens collected by the writer (no. 36). 


PLATE 3 

Drepanolejeunea dissitifolia Evans, 1. Part of plant, postical view, x 70. 2. g 
inflorescence, antical view, 70. 3. ¢ inflorescence, postical view, « 70. 4. Cells 
from middle of lobe, & 400. 5. Apex of lobe, x 280. 6. Apex of lobule, x 280. 
7, 8. Underleaves, X 280. ‘The figures were all drawn from the type-specimens. 

Drepanolejeunea bidens (Steph.) Evans. 9. Part of plant with 9 inflorescence, 
postical view, < 70. 10. Leaf, antical view, * 70, 11. Cells from middle of lobe, 
X 400. 12, 13. Apices of lobes, & 280. 14. Apex of lobule, « 280. 15. Under- 
leaf, x 280. 16. Bract with connate bracteole, « 70. 17. Bract, « 70. All the 
figures were drawn from specimens collected by A. A. Heller (no. 1139). 


PLATE 4 


Drepanolejeunea bispinulosa Evans. 1. Part of stem, postical view, 70. 2. 
Part of stem, antical view, « 70. 3. Cells from middle of lobe, 400. 4. Apex of 
lobe, 280. 5. Cells and spiniform tooth from antical margin of lobe, < 280. 6. 
Apex of lobule, < 280. 7. Underleaf, x 280. The figures were all drawn from the 
type-specimens. 
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Drepanolejeunea crucianella (Tayl,) Evans. 8, Part of plant with 9 inflores- 
cence, postical view, 70. 9g. Branch with g inflorescence, postical view, 70. 
10. Part of stem, antical view, 70. 11. Cells from middle of lobe, & 400. 12 
Upper part of lobe, x 280. 13. Apex of lobule, showing opening into water-sac, 
280. 14. Apex of lobule, & 280. 15. Underleaf, >< 280, 16. Bract, 70. 
17. Bracteole, 70. All the figures were drawn from specimens collected by the 
writer (nos. 42, 43). 

PLATE 5 

Drepanolejeunca infundibulata (Spruce) Evans. 1. Part of plant with perianth, 
postical view, 47. 2. Part of sterile stem, postical view, < 47. 3. Flagelliform 
branch with two propagula, 72. 4. Leaf, antical view, 47. 5. Cells from 
dle of lobe, 425. 6. Tooth on postical margin, * 300. 7. Apex of lobe, < 300. 
8. Apex of lobule, & 300. 9. Underleaf, 300, 10. Bract and connate bracteole, 
“72. If. Bract, x 72. The figures were all drawn from specimens collected by 
the writer (no. 21). 

PLATE 6 


Drepanolejeunea inchoata (Meissn.) Schifin. 1. Part of stem with two perianths 
and a Q inflorescence, postical view, < 44. 2. Part of sterile stem, postical view, 
44. 3. Leaf, antical view, « 44. 4. Cells from middle of lobe, & 370. 5. Apex 
of lobe, 265. 6. Apex of lobule, 265. 7, 8. Underleaves, > 265. 9, 10. 
Bracts with connate bracteoles, 65. The figures were all drawn from specimens 
collected by the writer (no. 41). 


An Index to the described Species of Botrychium 


By Lucien Marcus UNDERWOOD 


During seven years of special but more or less interrupted 
study of the genus otrychium added to a field experience with 
various members of the genus extending over a quarter of a cen- 
tury, we have been able to see the most important collections of 
the world and have received a great quantity of material from 
numerous correspondents. Besides practically all the herbaria of 
this country, the foreign collections at Kew, London, Berlin, and 
Paris have been studied with care. As a result of this study not 
only have our former convictions regarding the status of the 
various members of the ramosum and ternatum groups been con- 
firmed, but additional species in both these groups, together with 
two new representatives of the Virgintanum group can now be 
properly segregated. 

With the most recent publication of an African species, some 
members of the genus are now found on every continent and in 
every zone in which a land-area exists. The first index to the 
species was published by Milde,* who early gave an elaborate 
account of the variations of the species known to him. Great 
authority has hitherto been attributed to his opinions, which he 
published a generation ago, but it must ever be remembered that 
he based his conclusions, except among the central European spe- 
cies which he knew in the field, on exceedingly meagre data. This 
is especially true of American material, particularly among the 
smaller species of the genus. The same condition remains true 
to this day regarding the greater part of the collections of con- 
tinental Europe. When we examined the collection at Berlin in 
1898 it contained only a single American specimen of Botrychinum 
fanceolatwum and that from Greenland, and not a single specimen 
of 4. neglectum. Milde’s collection was scarcely better, to judge 
it by his own citations, and the futility of relying on opinions based 
on such meagre data becomes clearly apparent when we know 


* Verhandl. k. k. zool.-bot, Gesell. Wien. 18: 507-516. 1868. 
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the real facts in the case. We mention this because we have had 
in this country in certain quarters too much of the now obsolete 
notion that ‘the Europeans have told us better’ concerning the 
status of our own species. Milde recognized only ten species in 
1870. Prantl * enumerated the species known to him in 1884, 
and although he was familiar with the principal German collec- 
tions only, he still recognized fifteen species. Against these 
more rational estimates, the English botanists even in their latest 
pronouncement + can find only six species! The present list 
enumerates thirty-four species whose status is quite definitely 
known, and four others concerning which there are no materials 
for verification that have been accessible up to the present time. 
Besides the above there is material at Kew and Berlin represent- 
ing certainly one and possibly two additional species of the ferna- 
tum group from South America, and perhaps a third from Central 
America. This material can best await further study before pub- 
lication. There is also evidence of a species of the stmplex 
group in California that awaits further study afield. 


LisT OF THE KNOWN SPECIES OF BoTRYCHIUM 


Species accepted as valid are in SMALL CAPITALS, except those herein described as 
new, which are in the usual bold-faced type. Species regarded as synonyms of other 
species are in 7¢a/ics with their proper equivalents. Species of uncertain standing owing 
to inaccessibility of types or other causes are also in z/atics, but with no equivalents in- 
dicated. 


Botrychium anthemotdes Pres] = ? B. ViRGINIANUM. 

Milde comments on this species in his paper on the Silesian 
ferns and gives a figure of Presl’s specimen, but unfortunately gives 
two numbers alike on the plate, so as to leave one in doubt con- 
cerning just which is the one intended for Presl’s plant. There 
is, however, little doubt but that the species was based on an 
aborted specimen of the European form of our familiar species. 
BoTrRYCHIUM AUSTRALE R. Br., Prodr. Fl. Nov. Holl. 164. 1810. 

—-Australia, Tasmania, New Zealand. 

Botrychium Baeckeanum Brockm. Archiv. Ver. Freund. Naturg. 

Mecklenburg, 170. 1863.—Description not seen; said by 

Milde to belong to 2. matricariae. 


* Jahrb Bot. Gartens Berlin, 3 : 297-350. 
t Annals Bot. 5: 
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BorryCHIUM BIFORME Colenso, Trans. New Zeal. Inst. 18: 223. 
1886.—New Zealand. 
BorrycHiUM BITERNATUM (Lam.) Underw. Bot. Gazette, 22: 407. 

pl. 21. 1896. 

-Osmunda biternata Lam. Encyc. Meth. Bot. 4: 650. 1797. 

fotrypus lunarioides Rich.; Michx. Fl. Bor. Am, 2: 274. 
1803. 

Botrychium lunartoides Sw. Syn. Fil. 172. 1806. 

Botrychium fumarioides Willd. Sp. Pl. §: 63. 1810. 

Botrychium fumariae Spreng. Syst. Veg. 4: 23. 1827. 

South Carolina, Georgia, Florida, Alabama, Louisiana. 
BorryYCHIUM BOREALE Milde, Bot. Zeitung, 15: 880. 1857.— 

Scandinavia, Northern Asia, Alaska. 

Botrychium brachystachys Kunze = B. VinGINIANUM MEXICANUM. 

Botrychium brevifolium Angstr. Bot. Notiser, 40. 1866.—Plant 
not known. Description even not yet seen and the plant was 
unknown to Milde. 

Botrychium Breynii Fries = B. MATRICARIAE. 

BorryCHIUM CHAMAECONIUM Bitter & Hieron. ; E. & P. Nat. Pflan- 
zenf. 1*: 471. 1900.—Africa (Kamerun). 

BorrycHIUM CICUTARIUM Sw. Syn. Fil. 171. 1806.—Santo Do- 
mingo. 

This species was based on Plumier, f/. 759, from Santo Dom- 
ingo. Later writers have confused various species with it, as J. D. 
Hooker,* who applied the name to a New Zealand species of the 
ternatum group! Moore made it a sub-species of 2. Virginianum. 
To this day, however, no specimens of Botrychium have been col- 
lected in Santo Domingo to our knowledge, and until that serra 
incognita is made known to us botanically it is best to leave the 
species in abeyance. 

BorrycuiuM CouLter! Underw. Bull. Torrey Club, 25: 537. 1898. 
—Yellowstone National Park, Montana, Wyoming, Idaho. 
BorrycHiUM CRASSINERVIUM Rupr. ; Milde, Nov. Act. Acad. Caes. 
Leop. Carol. 26: 763. pl. 55. f. 10, 17. 1858. — Siberia. 

Botrychium cuneatum Desv. = B. OBLIQUUM. 
pavcirotiuM Hook. & Grev. Ic. Fil. 2: 76r. 

1831. 


* Handb, New Zeal. Fl. 387. 1867. 
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Botrychium subcarnosum Wall. Cat. no. 49 (nomen nudum) ; 
Hook. & Grev. Bot. Misc. 3: 222. 1833. 
India, Burma, Society Islands ?, Samoa ?. 
Botrychium daucifolium 3 Japonicum Prantl = B. Japonicum. 
BoTrycHIUM DECOMPOsITUM Mart. & Gal. Mem. Acad. Sci, 
Bruxelles, 15 :-—(15). p/. 7. 1842. — Mexico. 


Botrychium dichronum sp. nov. 

A moderately tall plant, allied to 4. Virginianum, with sessile 
sterile lamina and persistent leaf of the preceding year. Roots 
fleshy : stem 15-20 cm. long, smooth: sterile lamina broadly 
triangular, 20 cm. wide, 15 cm. long, tripinnatifid with about five 
pairs of nearly opposite gradually diminishing pinnae, the lower- 
most with longer pinnules on the outer side and inclined forward 
at an angle; pinnules 8-10 on each side of a winged rachis, 
alternate, cut nearly to the midrib into 6-10 segments set at an 
angle of 45° with the rachis, the lower ones slightly narrowed at 
the base, and 3-5-toothed at the apex, all gradually simpler 
towards the apex of the lamina: panicle * triangular, spreading, 3 
cm. or more long ona slender stalk 4 cm. or more long, 2-3- 
pinnate. 


Jamaica: Morce’s Gap, altitude 1500 m., 7 Feb. 1900. W. 
N. Clute, 96. (Type in herb, Underwood.) 

This plant was distributed as B. Virgintanum with which it had 
been previously confounded and which it resembles rather closely, 
but differs in its peculiar short panicle, in the cutting of the 
lamina, and especially in its persistent sterile leaf which remains 
fresh until the new one is fully developed, the plant thus having 
two growing leaves at the time of maturity to which allusion is 
made in the specific name. This peculiar habit has been men- 
tioned by both Jenman and Clute, who appear to be the only per- 
sons who have reported it from Jamaica. Its seasonal appearance 
also is peculiar. 

BorrycuHiuM DIssEcTtuM Spreng. Anleit. 3: 172. 1804. 

Botrychium ternatum, var. dissectum D. C. Eaton, Ferns N. 

A. 1: 150. pl. 20. f. 1. 1878. 

New England to Virginia, Ohio, Indiana and Kentucky. 

While this species undoubtedly approaches in some of its forms 
to B. obliguum, we have yet to see a specimen that could not readily 


* On the type specimen the sporophyll is not quite mature and the measurements 
may be a trifle too small for an average mature plant. 
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be distinguished in the herbarium even when shriveled by drying ; 
in the field it often grows in the same localities as 4. ob/iguum and 
there can always be distinguished at a glance. When it grows in 
the open sun it often becomes contracted and compact in habit, 
but the typical form of the species is so unlike 4. od/iguum that it 
is more rational to consider it a distinct species. (C/. observations 
under 7. dernatum.) 

Botrychium erosum Milde, Bot. Zeitung, 22: 102. 1864. 

(Type from Auckland, New Zealand, //ay ; in herb. k. k. Hof- 
museum, Vienna). Milde later referred this species to his all- 
embracing &. fernatum, but this reference signifies nothing in this 
day of more rational conceptions of geographic distribution ; with. 
out having seen the type it seems best to leave the species in doubt 
though it may be one of the forms of the Australasian 2. australe. 
Botrychium fumariae Spreng. = B. BITERNATUM. 

Botrychium fumarioides Willd. = B. BITERNATUM. 
Botrychium gracile Pursh = B. ViRGINIANUM. 
Borrycuium Japonicum (Prantl) Underw. Bull. Torrey Club, 25: 

538. 1898. 

Botrychium daucifolium 3 Japonicum Prant\, Jahrb. Bot. Gartens 

Berlin, 3: 340. 1884. 

Japan. 

BorrycuiumM JenmManit Underw. Fern. Bull. 8: 59. 1900.— 

Jamaica. 

Botrychium Kannenbergit Kiinsman = B. simPcex. 
BorrycHiUM LANCEOLATUM (S. G. Gmel.) Angstr. Bot. Notiser, 68. 

1854. 

Osmunda lanceolata S. G. Gmel. Nov. Comm. Acad. Sci. 

Petrop. 12: 516. pl. 77. f. 2. 1768. 

Botrychium palmatum Presl, Suppl. Tent. Pterid. 43. 1845. 

Scandinavia, Siberia, Alaska, to Washington, eastward to Green- 
land, Labrador and Newfoundland and southward to Colorado, 
Michigan and Pennsylvania. 

BorrycuiuM LANuGINOsUM Wall. Cat. 48 (nomen nudum); Hook. 

& Grev. Ic. Fil. t: pl. 79. (pl. un.) 1831. — India. 
Borrycuium Lunaria(L.) Sw. Schrader’s Jour. Bot. 18007: 110. 

1801. 

Osmunda Lunaria L. Sp. Pl. 1064. 1753. 
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Europe, Northern Asia, Newfoundland, Labrador, Minnesota, 
Colorado, Utah, and northward to Alaska and Greenland. 
Botrychium lunariotdcs (Rich.) Sw. = B. BITERNATUM. 
BoTRYCHIUM MATRICARIAE (Schrank) Spreng. Syst. Veg. 4: 23. 

1827. 

Osmunda matricariae Schrank, Baier. Fl. 2: 419. 1789. 

Botrychium rutaceum Sw. Schrader's Jour. Bot. 18007: 110. 

1801. 

Botrychium matricarioides Willd. Sp. Pl. §: 62. 1810. 

Botrychium rutaefolium A, Br.; Doll. Rhein. Fl. 24. 1843. 

Botrychium Breyni Fries, Summa Veg. Scand. 252. 1846. 

? Botrychium Baeckeanum Brockm, (_fide Milde). 

Northern Europe, Labrador, Quebec, New Brunswick, Maine, 
New Hampshire ?, Vermont, New York. 

Botrychium matricariacfolum A. Br. = B. RAMOSUM. 

Botrychium matricartoides Willd. = B. MATRICARIAE. 

BorrycHIUM NEGLECTUM Wood, Class Book Botany, [ed. 3.] 
816. 1860.— Nova Scotia to Maryland, Ohio and northward ; 
also in South Dakota, Alaska, British Columbia, and Wash- 
ington ? 

BorrycHIuM OBLIQUUM Mihl.; Willd. Sp. Pl. 5: 62. 1810. 
Botrychium cuneatum Desv. Ann. Soc. Linn. Paris, 6: 195. 

1827. 
Botrychium ternatum var. obliquum D, C. Eaton, Ferns N. 
A. 1: 149. pl. 20.f. 2. 1878. 

New Brunswick to Georgia, Indiana and Minnesota. 
BorrRYCHIUM OBLIQUUM INTERMEDIUM Underw. Our Native Ferns, 

ed. 6, 72. 1900. 

Botrychium ternatum, var. australe, sub-var. intermedium D. C. 

Eaton, Ferns N. A. 1: 149. f/. 20a (front figure only), 
1879. 

New England, New York and northward. The relations of this 
perplexing form and its distribution are still unsettled questions. 
BorTryCHIUM OCCIDENTALE Underw. Bull. Torrey Club, 25: 538. 

1898. — British Columbia, Washington. 


Botrychium Onondagense sp. nov. 
A slender species somewhat intermediate between 3. Lunaria 
and B. ‘enecbrosum with distant wedge-shaped segments. Roots 
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slender from a very short axis: common stalk slender, rather 
weak and spreading, 8-12 cm. long: lamina short-stalked (about 
I cm.), 2-4 cm. long, I-1.5 cm. wide, composed of 7-9 broadly 
cuneate segments which are spaced their own width or more, with 
one or more notches in the outer margin, or occasionally quite 
deeply incised: sporophyll 1.5-2.5 cm. long, mostly bipinnate, 
with a slender stalk 2.5-4 cm. long. 

Rocky ground in shade. The following specimens have been 
examined : ‘‘ Geddes Farm,”’ Syracuse, 1879, /. S. Gifford, C D *; 
Syracuse, 1873, &. II. Mundy, G; Jamesville Road, 1878, Mary 
Olivia Rust, U C D KE; near Split Rock, Syracuse, Underwood 
(type), U. All the stations are within five miles from Syracuse in 
Onondaga county, New York, where the writer first commenced 
the study of ferns in 1875, and to the memory of which as one of 
the most prolific fern localities in the country this species is dedi- 
cated. Similar plants have been collected in Michigan near Cop- 
per Harbor, Keweenaw Point, 0. A. Farwell, U ; and in Montana, 
Box Elder Creek, 23 July 1886, XR. S. Williams, F. 

This interesting species was originally discovered by the ladies 
of the Syracuse Botanical Club in June 1872; there appears to 
have been some difference of opinion as to whom the original dis- 
covery belongs as it was claimed by both Mrs. S. M. Rust and Miss 
Jane Hosmer. Mr. Davenport was the first to determine the 
plant and naturally confused it with the more robust 4. Lunaria 
and as early as 1877 published an account of it under that name. 
That it may be a descendant of the stock from which /. Lunaria 
sprang, is possible, but it also has very striking relations with 2. 
tenebrosum. Having collected this rare species in one of its cen- 
tral New York stations and being familiar with the European B. 
Lunaria not only in the herbarium but from considerable field 
study, we have long regarded this a distinct species, and have 
waited in vain for additional information before publication. We 
have carefully gone over the extensive suites of specimens of &. 
Lunaria in the large herbaria at Kew, Berlin, and Paris and find 
nothing to match this slender plant from central New York. The 


* [As noted in previous papers by Professor Underwood, published in the BULLE- 
TIN, these letters refer to the herbaria in which the specimens noted have been seen : 
B = Berlin; C — Columbia (and the N. Y. Botanical Garden) ; D = Davenport; E 
= D. C. Eaton ; G — Gray; K= Kew; and U = Underwood.—Ep. } 
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more slender habit, and the distant cuneate segments will readily 
distinguish it from 2. Luxarta. The European species also occurs 
in British America and Alaska and in the high mountains of 
Colorado. The smaller species of this genus present as close a 
series as the much larger ¢ervatum group and should receive more 
thorough field study. In this species the leaf is rarely quite 
short-stalked and in one or two specimens seen the number of 
segments is abnormally increased to fifteen. On the whole, the 
plant is rather nearer 4. tenebrosum, but differs in its broader 
cuneate segments which are entire or flabeilately lobed. In its 
habitat in rocky woods it is quite unlike 2. Lunaria of Europe, 
which commonly grows in open meadows. 
Botrychium palmatum Pres| = B. LANCEOLATUM. 
Borrycuium puMIcoLaA Coville,; Underw. Our Native Ferns, ed. 
6. 69. 1900; Bull. Torrey Club, 28: 109. f/. 7. 1901.— 
Oregon. 


Botrychium pusillum sp. nov. 

A low plant related to B. matricariae, branching below the 
surface of the ground and bearing small ternately compound 
leaves. Stem 1 cm. long (rarely longer when growing deeply), 
buried, pale: leaves about 3 cm. wide by 2.5 cm. long, on a short 
petiole 1-1.5 cm. long, the lateral divisions tripinnatifid, the 
terminal scarcely exceeding the lateral, the ultimate segments 
closely placed, rounded, wider and sometimes lobed above, 2.5—3 
mm. broad, with entire margins; texture fleshy ; veins imperceptible : 
sporophylls 4-8 cm. long (including the stout stalk), the panicle 
tripinnate, 3-5 cm. long. 

Mexico: Wet meadows, Sierra de las Cruces, State of Mexico, 
3000 m., 11 Sept. 1892, Pringle, 5192. (Type in herb. Under- 
wood. ) 

Differs from B. diternatum in its seasonal development, being 
autumnal instead of vernal, in its stalked leaves, and its more com- 
pact fleshy entire segments. Related more nearly to 2. matri- 
cariae in size, but differing in its stouter form, its entire segments, 
and its concealed veins. 

Borrycuium ramosuM (Roth) Ascherson, Fl. Brand. 1: go6. 

1864. 

Osmunda ramosa Roth, Fl. Germ. 1: 444. 1788. 

Botrychium matricariaefolium A, Br.; Doll. Rhein. Fl. 24. 

1843. (As synonym.) 
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Botrychium Reuteri Payot, Cat. Foug. 15. 1860. 

Northern Europe. Early figured by Breyn, and differing en- 
tirely both in habit and structure from its American congener 
which has been confused with it. 

Botrychium Reutert Payot = B. RAMOSUM. 
Botrychium robustum (Rupr.). 
Botrychium rutacfolium var. robustum Rupr.; Milde, Nov. Act. 
Acad. Caes. Leop.-Carol. 26: 763. pl. 55. f. 9. 1858. 
Kamtschatka, Unalaska. 
Botrychium rutaceum Sw. = B. MATRICARIAE. 
Botrychium rutaefolium A. Br. = B. MATRICARIAE. 


Botrychium Schaffneri sp. nov. 


A stout fleshy plant allied to B. obliguum with somewhat com- 
pact glaucous foliage and copious elongated sporophylls. Stems 
2-5 cm. long, stout, fleshy: leaves 10-18 cm. wide by 6-11 cm. 
long, on slender petioles 5-6 or rarely up to 10 cm. long ; lateral 
divisions rather long-stalked, tripinnate ; the terminal larger, some- 
times quadripinnatifid below ; ultimate segments oval or rarely 
lobed and slightly narrowed below, the margins entire, the rachises 
broadly winged, the surfaces bluish glaucous: sporophylls 20- 
35 cm. or more long on stout stalks, the panicles 6-12 cm. or 
more long, quadripinnate. 


Mexico: “In montibus prope San Luis Potosi,” Oct. 1879, 
Schaffner, U (type) K ; San Miquelito Gebirge (San Luis Potosi), 
Schaffner, 25,C (numerous specimens) ; Valle de Mexico, 1875, 
Schaffner, B. 

The plant is considerably smaller, more fleshy and glaucous 
than 2B. decompositum and is correspondingly more compact in 
growth and has usually shorter petioles. It is much more finely 
divided than either that species or 2. od/iguum to which it is some- 
what related. I take pleasure in naming the species after its sole 
collector, Dr. Schaffner, who sent me fine specimens over twenty 
years ago, shortly before his death. 

BorrycHIUM SILAIFOLIUM Pres]. Rel. Haenk. 1: 76. 1825.— 

California and northward. 

Botrychium Silesiacum Kirschlg. Fl. Alsac. 401. 1855. Not 
known and description not seen. 
BorrycHiuM sIMPLeEx Hitchc. Am. Jour. Sci. 6: 103. p/. 8. 1823. 

Botrychium Kannenbergi Klinsman, Bot. Zeitung, 10: 378. 

1852. 


| 


52 UnperwWoop: INDEX TO THE 


New England, New York, New Jersey, Pennsylvania, ? Wyo- 
ming ; Northern Europe. 


Botrychium strictum sp. nov. 

A tall plant with the habit of 2. Virgintanum with a sessile 
sterile lamina and slender spicate panicle. Roots fleshy: stems 
25 cm. or more long, slender, with slightly fibrillose covering : 
sterile leaf broadly triangular, sessile, of three equal or subequal 
2-3 pinnatifid divisions ; primary pinnae 6—10 cm. long, strongly 
decurrent on the rachis, with 8-10 pinnules on each side which 
vary from oblong-lanceolate to lanceolate ; pinnules varying from 
deeply 4—5-crenate to 5-cleft on each side, blunt or rounded at the 
end: panicle 6-13 cm. long, on a slender stalk 5-6 cm. long, 
with 16-20 short compact branches 5—15 mm. long, placed at an 
acute angle with the axis, thus causing the entire panicle to appear 
spike-like: sporangia much crowded, large, nearly 1 mm. in diam- 
eter : spores pale yellow. 

Japan : Sapporo in groves, Aug. 1894, 4. IW. Stanford (type 
in the herbarium of the New York Botanical Garden); ‘in 
sylvis Takaosan., prov. Musashi, 10 Oct. 1885’’ comm. J. Matsa- 
mura, U. I have also seen a specimen in the Museum of the /ar- 
din des Plantes at Paris, and one in the herbarium of Mr. B. D. 
Gilbert. The species has hitherto been reported from Japan under 
the name of 4. lirgintanum but it is clearly a very distinct species, 
differing widely in the cutting of the leaf and in the narrow spike- 
like panicle which is also much shorter than in our familiar species. 
In the new species the mature panicle scarcely overtops the sterile 
leaf when laid on the herbarium sheet. 

BorryCHIUM SUBBIFOLIATUM Brack. U. S. Expl. Exped. 16: 317. 
pl. 44.f. 2. 1854. — Sandwich Islands. 

Botrychium subcarnosum Hook. & Grev. = B. DAUCIFOLIUM. 

BorryCHIUM TENEBROSUM A. A. Eaton, Fern Bull. '7: 8. 1899. — 

New Hampshire, Vermont, Connecticut, New York. 
Botrychium tenellum Angstr. Bot. Notiser, = B. RaMosUM ( pl. 7un.). 


Botrychium tenuifolium sp. nov. 


A slender-stemmed species allied to B. od/iguum but with the 
segments thin and reduced to nine in number. Stem very slender, 
2-4 cm. long, I-1.5 mm. thick: leaf 3.5-5 cm. long, 3-6 cm. 
wide, usually consisting of only nine segments (7. ¢., strictly biter- 
nate), with the three divisions subequal ; occasionally larger forms 
show a pair of additional lobes on the terminal division ; segments 
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ovate, 1.2-15 cm. long by 6-8 mm. wide, thin, sharply serrate, or 
in larger forms occasionally two or three times incised ; petiole 
3-6.5 cm. long, very slender: panicle 3-6 cm. long, bipinnate or 
rarely tripinnate below, on a slender stalk 6-22 cm. (usually 
12-14 cm.) long. 

Specimens have been examined as follows : 

Louisiana: Alexandria, //a/e (Chapman herbarium), C (type). 

River banks,’ C. Communicated many years 
ago to Torrey who had endorsed it: ‘Seems to come near B. 
simplex Hitch.” 

ALABAMA: Auburn, 1895, Underwood, U; 15 Oct. 1896, Earle, 
C; 22 Oct. 1896, C. F. Baker, C; Oct. 1897, Baker & Earle, C. 

Missouri: Butler county, 4 Nov. 1892, Bush, C. 

This species is nearest related to B. obliguum which it appears 
to replace in the coastal plain of the gulf region. It is much more 
slender than 2. ob/iguum and the leaf is not only much less divided 
in mature forms, but is also thinner and usually sharply serrate 
almost as in 3B. /aponicum. Typical forms have only nine seg- 
ments to the leaf. 

BorryCHIUM TERNATUM (Thunb.) Sw. Schrader’s Jour. Bot. 1800? : 

111. 1801. 

Osmunda ternata Thunb. FI. Jap. 329. pl. 32. 1784. 

Japan, China, India. 

A number of species were referred to this species as varieties by 
Milde, and the practice is still followed by some of his modern 
admirers. There seems to be no difference of opinion relative to 
the existence of the groups of individuals as distinct groups, the 
only difference appearing to be the rank that shall be assigned to 
them. The ¢ernatum group represents a closely allied group of 
forms that appear to have become widely scattered from some 
common center. There is no rational doubt but that they have had 
a common origin; this of course is the only possible explanation 
of their structural and habital relationship. Now where was the 
original center from which they sprung? According to the system 
that would make them varieties of B. /ernatum because that species 
happened to be the first described, it would seem to follow that that 
centre was in Japan, otherwise they could not be varieties of a 
Japanese species. The current system of naming varieties is a stupid 
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practice handed down to us from the past and is wholly at variance 
with the modern conceptions of evolution. The original centre in 
all probability was zo¢ in Japan so that the members of the /ernatum 
group are not varieties sprung from #. fernatum, and it creates a 
false impression to continue to call them so. They are distinct 
things as everyone admits, and we maintain it is more rational and 
more in accord with our conceptions of evolutionary origin from a 
common stock to call them species. It is also much simpler and 
leaves us free to determine the original centre of distribution and re- 
lationship without prejudice. The practice of naming varieties on 
slight environmental characters ought to cease, and botanists should 
discourage the naming of such trivialities. A marked example of 
how far this reduction of species to varieties can be carried is seen 
in Dr. Christ's reduction of Dryopterts marginalis and D. Goldieana 
to varieties of D. filix-mas. For a European who has never seen 
either of the species growing in its native habitat to take such 
liberties with American species is to say the least violating the code 
of international courtesy and ought to stand as a warning to those 
who still hold to the ancient heresy that Europeans know more 
about the American flora than we do ourselves. 
BorrycuHiuM VIRGINIANUM (L.) Sw. Schrader’s Jour. Bot. 18007: 

111. 1801. 

Osmunda Virginiana L. Sp. Pl. 1064. 1753. 

Botrychium gracile Pursh, Fl. Am. Sept. 2: 656. 1814. 

Botrychium anthemotdes Presl, Abh. Bohm. Ges. Wiss. 5: 323. 


1847. 
BotTrycHIUM VIRGINIANUM Mexicanum Hook. & Grev. Bot. Misc. 
3: 222. 1833. 


Botrychium brachystachys Kunze, Linnaea, 18: 305. 1844. 

Mexico. Moore referred this to 2. cicutarium, which he made 
a subspecies of 4. Virgintanum. The species or variety appears 
to be quite rare in collections although Mr. Pringle once wrote me 
that it was quite common in Mexico. _ It is desirable that it be com- 
pared in the field with more northeastern types of the species. The 
region of Mexico has been widely traversed by Mr. Pringle and 
others who have brought to light a large number of new species, 
but they have almost as systematically neglected to collect the 
old ones, and consequently our knowledge of the distribution of 
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Mexican plants is still lamentably defective. The whole Mexican 
region will have to be gone over piecemeal, and collections made 
that will give some conceptions of the distribution of many of the 
species of that prolific country. Among them is this Mexican 
representative of our common rattlesnake fern of which scarcely 
any specimens exist in American collections. 

[The figures on page 4g illustrate four species: f. 7, 2= 
Botrychium Onondagense ; f. 3 = Botrychium Lunaria; f. 4, 5 = 
Botrychium neglectum ; f. 6, 7 = Botrychium tenebrosum, 


COLUMBIA UNIVERSITY, 
25 December 1902. 
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The Effects of various Chemical Agents upon the Starch-convert- 
ing Power of Taka Diastase 


By KarL F. KELLERMAN 


The importance which the study of enzymes has acquired in 
the last few years has brought the chemist and physiologist into 
even closer relationship than that existing before. Furthermore, 
in studying the general problems of fermentation, both as regards 
the effects of various enzymes on each other, and in some cases 
their action in relation to the growth and nutrition of the organism 
containing them, it has seemed to the writer that as a foundation 
for accurate work a knowledge of the effects of physical and 
chemical conditions upon the enzymes is absolutely necessary. 

For certain diastases the effects of various physical conditions 
have been rather carefully worked out, but results relative to the 
action of chemical agents upon these diastases seem more or less 
meager and scattered. It has been attempted to study in a sys- 
tematic way the effect of a considerable number of chemical agents 
upon diastatic action, and the results of the work are given in this 
paper. 

Taka diastase was chiefly used as the subject of the following 
experiments, and is here reported upon in detail, on account of its 
uniformly rapid action and its great keeping qualities. However, 
most of the work has been repeated, using malt diastase instead of 
taka, and occasional references will be made to the former. 

This taka diastase is the Japanese Saké ferment, prepared 
from the fungus Eurotium Orysae, and now sold commercially for 
treatment of amylaceous dyspepsia. This enzyme is a little less 
sensitive to the presence of foreign substances, and its action, 
though at first more rapid, is not so complete as that of malt 
diastase.* That is, there is a greater percentage of starch not con- 
verted in the case of taka diastase, even after long-continued 
action, although the conversion of the other portion of the starch 
is much more rapid. 


* Stone & Wright, Journal of the American Chemical Society, 20: 167, 681. 
a6 
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STARCH-CONVERTING POWER OF TAKA DIASTASE 


Some rather interesting results were obtained in a preliminary 
series of experiments. It was found that, the amounts of starch 
and diastase being constant, the converting power of the enzyme 
became more and more rapid with the concentration of the solution 
of starch, or starch paste. The solutions of starch varied from 3 
per cent., which is rather viscous, to 0.5 per cent., which is very 
watery. For determination of the sugar present, all were diluted 
to 0.5 per cent. to make the physical conditions exactly the same ; 
they were then heated rapidly in an autoclave to 110° C., to 
destroy the enzyme, and finally the relative amounts of sugar in 
the different bottles were determined volumetrically by means of 
Fehling’s copper-alkaline-tartrate solution. In each determination, 
2 c.c. of the freshly mixed standard was used, diluted to one half 
concentration, and the solution in question was added drop by 
drop to the boiling copper solution until the copper was com- 
pletely precipitated. The end reaction was tested with potassium 
ferrocyanide in the presence of acetic acid. The relative amounts 
of sugar in the different solutions can be very accurately deter- 
mined in this way, the amount of sugar in each bottle varying 
inversely as the amount of the solution necessary to cause com- 
plete precipitation. 

Table I shows in detail the variations in speed of starch trans- 
formation due to dilution. The ordinates represent the number 
of cubic centimeters necessary to reduce 2 c.c. of Fehling’s solu- 
tion, and the first four abscissae represent the four different per 
cents. of starch experimented with. Thus the line starting at 
the seventh ordinate and 3 per cent. abscissa shows that 7 c.c. of 
the 3 per cent. starch solution were necessary to reduce 2 c.c. of 
Fehling’s solution; of the 1.5 per cent. starch solution, 8.8 c.c. 
were necessary, etc. 

As Duclaux* has carefully worked out, the conversion of 
starch into sugar is most rapid soon after action begins, and de- 
creases slowly at first, then more and more rapidly until most of 
the starch is converted and action ceases. 

The last six abscissae in Table I show my results. Here the 
abscissae represent the number of hours the enzyme was allowed 
to act before determination. 


* Duclaux, Annales de I’ Institut Pasteur, 12: 96. 
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The effect of increasing the amount of diastase, the starch 
solution remaining constant, is to increase the rapidity of transfor- 
mation, though not in proportion to the increase in the amount 
of enzyme. This is shown in Table I, in the three series that 
were allowed to act seven, five and three hours respectively. 
Here the abscissae represent the amounts of a 0.25 per cent. solu- 
tion of taka diastase used in each case. 

In the following experiments * the different chemical agents 
were prepared each in 100 c.c. of a sterilized 1 per cent. potato 
starch solution, and placed in thoroughly sterilized and well-stop- 
pered bottles. Usually seven different substances, each with four 
different concentrations, were tested at the same time. These, 
together with four to six check bottles, containing 100 c.c. of pure 
starch solution — to make certain the relative determination of the 
effects of the various compounds — constitutes a series. 

To each bottle of such a series was added 2 c.c. of a 0.25 per 
cent. solution of taka diastase. All were then placed in a ther- 
mostat and kept at 43° C. for about twelve hours. The thermo- 
stat was light-proof, and therefore precluded any inaccuracy due 
to the breaking down of the enzyme by light, or its acceleration 
caused by the action of light filtered through glass.t After incu- 
bation the entire series was placed in an autoclave and heated 
rapidly to 110° C. This temperature effectually destroys the 
diastase and any zymogen that might be present, as a preliminary 
experiment clearly showed. 

Care in handling and setting up a series, and sterilization of 
everything used avoided any inaccuracy due to bacterial action, as 
indicated by numerous checks. 

The relative amounts of sugar in the different bottles were de- 
termined volumetrically against 2c.c. of Fehling’s solution, as be- 
fore. Whenever the chemical agent present interfered with accu- 
rate determinations, either by hydrolyzing the starch or by interfer- 
ing with the reaction of Fehling’s solution, the agent was removed 
or so changed as to be innocuous before heating to destroy the 
enzyme. Thus acids were neutralized, the copper salts precipitated 
out as hydroxides, etc. 


* In all cases in these experiments Eimer & Amend’s C. P. materials were used 
tJ. R. Green, Transactions Royal Society, 188, B: 167. 
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The transformation was allowed to proceed until the check so- 
lutions were a little more than half converted into sugar ; this cor- 
responds to about the fourth ordinate in the tables. 

The chemical agents used are given in fractions of the normal. 
The normal solution was made by dissolving as many grams of 
the salt as correspond to its molecular weight in less than one 
liter of the sterile 1 per cent. starch paste, and the solution then 
made up to exactly 1,000 c.c. by the addition of the starch paste. 

The chemical agents experimented with fall naturally into four 
classes—the mineral acids and organic acids, the salts of these 
acids, the alkalies, and the metals. 

It will not be attempted to give a complete summation of lit- 
erature, but such will be cited as seem to bear directly on the sub- 
ject. 

It has been noted by Baranetsky,* Chittenden & Griswold,t 
and Effront ¢ that strong solutions of mineral acids destroy diastase 
and weak ones accelerate its action. Cohnheim § records no effect 
for moderate concentrations of HCI, and Langley & Eves || report 
that ‘‘the slightest trace’ (0.015 per cent., about ”/240) of HCl 
is very injurious. 

Table II shows the results of my work. In this table, as in all 
following, the abscissae represent the strengths of the chemical 
agents and the ordinates represent the amount of the solution 
tested necessary to reduce 2 c.c. of Fehling’s solution. ‘ Trace” 
means that so slight an amount of sugar was present that over 
15 c.c. of the solution would be necessary to reduce the Fehling’s 
solution. 

At a concentration of /10 all the acids completely checked 
enzymetic action. At 2/100 chromic acid gave complete inhibi- 
tion ; the other mineral acids allowed a slight action at 7/100 and 
gave a marked acceleration at a dilution of ”/1000. Sulphuric 
acid gave the most marked results, the amount of sugar produced 
being almost double that of the check. Chromic acid still gave a 
# Baranetsky, Die Starkeumbildenden Fermente inden Pflanzen. (Leipzig, 1876. ) 

¢ Chittenden & Griswold, American Chemical Journal, 3: 205. 


t Effront, Comptes Rendus, 115 : 1324. 
¢Cohnheim, Archiv fiir Pathologie, Anatomie und Physiologie (Virchow), 28: 


241. 
|| Langley & Eves, Journal of Physiology, 4: 18. 
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slight inhibition. At a dilution of 710,000 there was a slight 
acceleration with hydrochloric and nitric acids, and none with the 
others. Malt diastase requires a 2/500 dilution before any starch 
is converted, and at 1,000 requires nearly 12 c.c. to reduce the 
2 c.c. of Fehling’s solution. Acceleration does not set in until a 
dilution of nearly 7/5,000 is reached. 

Among the organic acids, Detmer* for citric, Krauch ¢ for 
salicylic, and Kjeldahl { for lactic, butyric, formic, salicylic, acetic 
and others, record an acceleration for weak dilutions of the 
acids. § 


* Detmer, Zeitschrift fiir physiologische Chemie, 7: 1. 

+ Krauch, Landwirtschaftliche Versuchstation, 23 : 77. 

t Kjeldahl, Zeitschrift fiir das gesammte Brauwesen, 3: 179. 188o. 

@ In this connection, perhaps Dr. Lefimann’s paper, ‘ Digestive Ferments with 
Especial Reference to the Effects of Food Preservatives’’ (Journal of the Franklin 
Institute, 147: 97), should be mentioned. 

Dr. Letimann was working merely to find what antiseptics were injurious to enzy- 
metic action, and records only inhibitory effect. He used only the iodine test to deter- 
mine the presence of unconverted starch and dextrines, and hence it is impossible to 
accurately compare his results with mine. It seems, however, that in his experiments 
with taka diastase, tartaric and citric acids gave a decided inhibition, while in my 
work, at supposedly corresponding concentrations these acids were almost without 
effect. 

It will be seen on the other hand that he notes no injurious action due to formalin, 
using 3 c.c. of formalin and, as far as I can gather from his paper, 50 c.c. of I per cent. 
starch. This corresponds to about »/3 formalin, which, as will be seen later in my 
paper, | find to be very injurious indeed. ‘This brings out the fact that the iodine test 
is entirely inadequate for determinations where formalin is present. If pure starch solu- 
tion in the presence of formalin is allowed to stand a few hours, it will give a dextrine 
reaction, and if the action is allowed to continue twelve to twenty-four hours, or if the 
starch and formalin are boiled together, no starch or dextrine color reaction can be ob- 
tained with iodine. Yet if these solutions are treated with NH,OH to break the for- 
malin down to hexamethyleneamine (CH,),N,, and any excess of ammonia neutralized, 
iodine will again give the typical starch blue, and Fehling’s will give no reaction. 
Now if the iodine is added immediately upon the addition of formalin to pure starch 
solution, so that the starch is colored blue, then the formalin does not affect the color 
even upon standing twenty-four hours; while if this blue starch solution containing 
formalin is boiled, it loses its color, even after cooling, and upon the addition of more 
iodine gives now the red, or so-called erythrodextrine reaction. The action of the 
formalin is upon the starch, for even if iodine and formalin have been boiled together, 
the iodine wil! produce as good a blue as before. 

These results hold both for starch paste and fresh starch grains. The latter show 
no difference under the microscope, even after a treatment with formalin sufficient to 
preclude their coloring with iodine. It seems to me, therefore, that formalin either 
has some physical action upon the starch or else forms some unstable compound, com- 
parable to the supposed starch-iodine compound to which is due the blue of the starch 
test, but being very much more unstable. 
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By referring to Table II it will be seen that in my work the 
general effects seem much the same for these acids as for the min- 
eral acids. Malic and acetic acid, however, after giving the usual 
acceleration near #/1,000, gave a marked inhibition as the dilution 
was carried further. This same peculiarity is shown by sulphuric 
and citric acids to a very much less extent. Malt diastase shows 
the same phenomenon. For instance, with acetic acid the accel- 
eration occurs in the region of ~/12,500 dilution, while ”/62,500 
distinctly retards conversion. 

For taka diastase, malic acid did not stop conversion at »/10, 
and at ~ 100 gave a marked acceleration and still greater at 7/ 1,000. 
Then at 7 10,000 the inhibition was very marked. Acetic acid 
also did not stop conversion at ”/10 concentration, but gave no 
acceleration until a dilution of #/2,500 was reached, and at dilu- 
tions of 7/12,500 and 2/62,500 gave almost as marked inhibition 
as malic acid. 

The work of Gillott * on the inversion of maltose by tartaric, 
citric and oxalic acids suggested that the apparent increase in the 
amount of sugar in my experiments with the dilute solutions of 
these acids might be due to the inversion of the maltose into 
dextrose. To determine this a 7/10 solution of each of the acids 
used was allowed to act on a one-per-cent. solution of C. P. mal- 
tose for twenty-four hours at a temperature of 43° C. The solu- 
tions were then all neutralized and the coefficients of their reducing 
power determined and compared with that of the untreated one- 
per-cent. solution of maltose. There seemed to be very little, if 
any, difference between them. It would seem, therefore, that the 
action of the weak acid is a true acceleration, and that the return 
to the normal action of the ferment at greater dilutions of the acid 
is due merely to weakening of the stimulus. There remains the 
chance that the effect of the acids during the breaking up and 
hydrolysis of the starch into maltose may cause the starch to be 
changed in part to grape sugar instead of maltose, and thus cause 
the increased reduction of Fehling’s solution. 

Among the workers who have dealt with the effects of salts 
and other bodies upon diastases, Chittenden and Ely + noted the 


*Gillott, Bull. Assoc. Belg. Chim. 13: 80, 119. 
¢ Chittenden & Ely, Journal of Physiology, 3: 327. 
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increased energy of the enzyme in the presence of one-per-cent. 
peptone, and also in the presence of sodium chloride, while dibasic 
sodium phosphate is not favorable. Effront * divided the favorable 
salts into three groups: salts of aluminum, phosphates and various 
amides, as asparagin. 

From Tables III and V it may be seen that the diastase was 
much less sensitive to these salts and organic bodies than it was 
to acids. A normal solution was used as the maximum, instead 
of one tenth normal. The differences in their effects between 
sodium, potassium, calcium and magnesium salts of the same acid 
were greater than the different salts of any one of those bases, 
which seems here to indicate that the cation is more important 
than the anion. The calcium and magnesium salts seem more 
injurious than sodium and potassium, with the exception of the 
monobasic calcium phosphate, which gives practically no action 
at #/10 concentration, and a marked acceleration at dilutions of 
n/100 and 2/1,000. Potassium bichromate gave a slight check at 
mji128, and none at #256. Calcium sulphate and magnesium 
phosphate are so insoluble that they are given on Table III 
merely in terms of saturation, ‘‘/:rcess’’ standing for a saturated 
solution at 43°, ‘‘Sa¢.”’ for a saturated solution at 23°. Sodium 
chloride, potassium nitrate and potassium phosphate gave the 
greatest acclerations. Malt diastase closely follows the action of 
the taka diastase and shows no especial point of variation from it 
in the presence of these chemical agents. 

A large number of investigators have tried peptone and aspar- 
agin, and all have noted a decided acceleration. Other organic 
compounds, however, seem to act more as do the salts of the min- 
eral acids ; thay have less marked effects, and are more irregular. 

As seen in Table V, sodium acetate and ammonium citrate are 
the most injurious of those used, giving a marked inhibition at a 
concentration of 7/2; their injurious action decreases rapidly to 
some intermediate point, and they accelerate starch conversion at 
dilutions of 7/100 and #/1,000. Sodium formate and sodium lac- 
tate act very slightly either to retard or accelerate transformation. 
Potassium tartrate and sodium acetate gave the most acceleration 
of the organic series. Formalin inhibits markedly ; even up to 


* Effront, ¢. 
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m/1,000 nearly halving the amount of sugar. Chloral hydrate is 
injurious, though a slight acceleration is given at a dilution of 
n/1,000. Peptone accelerates most at 2.5 per cent., and still 
markedly at 5|; per cent. Asparagin accelerates strongly at 2/20, 
and still slightly at #/1,000. 

Many observers note the detrimental action of alkalies on cer- 
tain diastases. Chittenden & Ely * note a decrease of one third 
in the amount of sugar due to 1 per cent. of sodium carbonate. 
Langley & Eves + found 0.0015 per cent. sodium carbonate checks 
starch transformation, and potassium hydroxide checks more still. 
They note that the rate of decrease in the effect of weaker con- 
centrations of alkalies is slow compared to acids. 

Without exception, in my work the alkalies seemed detrimen- 
tal; slightly so even up to #/10,000 dilution. Sodium, potassium 
and ammonium seem slightly less injurious than calcium. In no 
case was there any acceleration in the presence of an alkali. 
(Compare Table IV.) 

The metals are in general injurious. (Compare Table IV.) 
Iron allowed no action at 7/10; being more injurious than copper, 
which did not entirely stop conversion until a /4 concentration 
was reached. Copper sulphate and copper chloride acted very 
much alike, both giving a slight acceleration at 7/10,000. Silver 
was very detrimental indeed. No conversion took place below 
n/10,000, and only a slight amount at 7/100,000, Zinc nitrate and 
barium chloride gave a peculiar curve, similar to that of some of 
the acids, but at 7/100 barium chloride just reached the normal, 
and inhibited at /1,000, while zinc nitrate accelerated transforma- 
tion at 7/100 and inhibited action at 1,000. 

The work of Clark { on the decrease of toxicity of mercuric 
chloride by the addition of other chlorides suggested that a similar 
series of experiments be tried on taka diastase. 

In my experiments a 2/5,420 solution of mercuric chloride was 
used, and to that varying amounts of calcium chloride were added. 
The results were very striking, as is shown in Table VI. Here 
the plain line represents the action of the solution of constant 


* Chittenden & Ely, /. ¢. 
Langley & Eves, /. ¢. 
¢ Clark, Journal of Physical Chemistry, 5: 289. 
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strength of mercuric chloride to which various dilutions of other 
chlorides were added. The crossed line represents the action of 
the various dilutions of the chlorides alone. 


At the strong concentrations of the calcium, the check solu-_ 


tions containing only calcium were only slightly more rich in sugar 
than the solutions containing the mercury also. From 2/10 to 
n/1,000, however, while calcium alone gave a slight increase above 
the normal starch transformation, the solutions containing mercury 
also were rapidly checked, until at 7/1,000 dilution of calcium the 
# 5,420 mercuric chloride completely checked starch transforma- 
tion. 

A similar series of experiments was made with barium chloride 
substituted for calcium, and with as marked results. Then a series 
was carried through using sodium chloride, with four concentra- 
tions of mercuric chloride. Here the amount of sodium chloride 
was so constantly in excess that the sodium and sodium-mercury 
lines run fairly near together on the chart. It seems, however, to 
indicate an increase of injurious effect at the last dilution. 

In conclusion I beg leave to acknowledge my indebtedness to 
Dr. B. M. Duggar, assistant professor of plant physiology, and 
Professor George F. Atkinson, professor of botany in Cornell 
University, for constant encouragement and every courtesy and 
assistance in the prosecution of this work. 
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Tas_e I. 
SHOWING EFFECT OF VARIATION OF TIME, CONCENTRATION OF DIASTASE AND 


CONCENTRATION OF STARCH 


121087654321 


i I c.c. Standard Diastase + 5 grams Starch. 


cc. 
c.c. 
c.c. 


1% Starch + Standard Diastase. 7 hours. 


1%, Starch +- Standard Diastase. 5 hours. C.€. 


c.c. 


2 
I 
2 
3 
I c.c, 
2 
3 
I 


1% Starch + Standard Diastase. 3 hours. 2 c.c. 


1% Starch + Ic. c. Standard Diastase. 


The numbers above the ordinates represent the number of cubic centimeters of the 
solution tested necessary to completely reduce 2 c.c. of Fehling’s solution ; therefore 
the shorter the heavy line, the greater has been the starch transformation in that par- 

ticular case. 
The numbers by the abscissae represent percentage of starch, amount of diastase, 
fi and variation of time, respectively. 


| 
| | 
| 
é I 4%, 
| 
| 
3 c.c. 
2} hrs. 
| 
17 hrs. 
41 hrs. 
| 53. hrs. 
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TaBLe II. 


SHOWING EFFECTS OF VARIOUS ACIDS 


C,H,O, 


Concentra- 
tions 
No 


nio 

100 

1000 
n 10000 
n/1o 
n/100 

n 1000 
n/LOCoo 

n| 100 

n 1000 
10000 
n/100 

1000 
10000 
nio 

100 

1000 
n/LOO0O0O 

n 100 
1000 
n 10000 

n 100 

n 1000 
2 10000 
ni1o 
n/100 
10000 
n/10 

n 100 
n/ 1000 
n/1OOCO 
nio 
n/100 
n/ 10000 
nio 

n 100 
n/ 1000 
n/ 10000 
nto 
n/10o 
n/500 
n/2500 
n/12500 


Reduction, 


Check. 


12108654321 


The ordinates represent the number of cubic centimeters of the solution tested 
necessary to reduce 2 c.c. of Fehling’s solution, ‘* Trace’’ representing an amount of 


over I5 c.c. 


The abscissae represent the fraction of the normal concentration of the chemical 


agent used. 


The check between 4 and § represents the number of cubic centimeters of the 
check solutions, containing only pure starch and diastase, necessary to reduce 2 c.c. 


Fehling’s solution. 


| 

| HCl — 

HNO, — | 

H,Cr,O, 

eat, F 

C,H,O, | 

| 
q H.CO, 

| 

C,H,O, 
C;H,O; 
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Taste III. 


SHOWING EFFECTS OF VARIOUS SALTS 


Concen- 
trations. 
Trace 


NaCl 


NaNO, 


Mg SO, aa 


MgH PO, 


The check in this table is slightly less than 4. 


n/1000 
n| 1000 qe 
| 3n/4 
nit 
n/1000 | 
| KNO, 
| 
| K,SO, n|100 — 
37/4 | 
K,HPO, aie 
| K,Cr,O, | 
| 3n/4 
nio 
CaCl. 
| n/1000 
sing 
niio 
Ca(NOs), n/10O 
n/toco 
Excess. 
CaSO, — 
she sat. 
= | 
n 
CaH,(PO,). n/1OO 
n|1000 
nit SS 
| n|1000 | 
Excess. | 
| sat, 
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TaBLe IV. 


SHOWING EFFECTs OF VARIOUS ALKALIES AND METALS 


K,CO, 
Na,CO, 
NH,OH 
NaOH 
KOH 
Ca(OH), 
FeCl, 
AlCl, 
CuCl, 
BaCl, 
CuSO, 


KNO, 
AgNO, 


No 
Reduction, 
Trace. 


tions. 


Concentra- 


1210865 432 


nN 
= 


20/50 


2n 500 


8 


: 


| 
| 
| 
aa 
| | 
| 
n2000 
n/to 
} 
‘ 
| 
n/ 10000 
— 
n'to 
: 
n 1000 
n/LOCOO 
| nito 
n 100 
n/ 
| n/ 10000 
2/500 
4 
n/5000 
it n/50000 
n/100 
n/1000 
ni : 
if n/10 
n 1000 
| n/ 100 
n/ 1000 
q 
n/ 10000 
ni 
if 
100 . 
n 10000 
n/ 100 
if n/ 1000 
if — 
iG n/10 
is n/TOOO 
n/ 10000 — 
n/j2 
n/ 100 
n/ 1000 
n/ 10000 ‘ 
n/ 100000 
if 
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TABLE V. 


SHOWING THE EFFECTS OF VARIOUS ORGANIC COMPOUNDS 


Trace. 


Concentra 
tions. 
No 
Reduction 
+ Check. 


210865 


we 
N 


NaC,H,O 
CHO,Na 


T n/1o 
C,H,O,Na 


C,H,K.O, 


: 


C;H;O,( N H,)s 


Peptone. 


C,H,N,O; 2/100 


100 
n/1000 
n/10 
100 
n/1000 
n/2 
— 
n/ 1000 
nj2 
i n|LOo 
n/ 1000 

i n/ 1000 

2n. 
n| 1000 
C,HO n|100 
1000 
21 

7/1000 
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VI. 


SHOWING THE EFFECTS OF ADDING VARIOUS OTHER CHLORIDES TO MERCURIC 


CHLORIDE 


HgCl, + varying amounts of other chlorides 
and these other chlorides alone. 


CaCl, 


HegCl, x 5420 + CaCl, 


BaCl, 


HegCl, 2/2710 + BaCl, 

: NaCl 
HgCl, 2/2710 + NaCl 

NaCl 

HgCl, 2/5420 + NaCl 

NaCl 

HegCl, 2/10840 + NaCl 

NaCl 


HgCl, x 21680 + NaCl 


Trace, 


Concentra- 
tion 
No 

Reduction, 


“12108654321 


= 


= 


ni4 
nis 
ni16 


ni4 
ns 


The concentration of mercuric chloride remains constant in each experiment, and 
to this varying concentrations of some other chloride are added. 

The difference between the effect of the mercuric chloride + chloride and the 
check, containing no mercury, shows the effect of these other chlorides on the mercuric 


chloride. 
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pl. I-5. 1902. 

New species in Uredo, Tillandsia, Miconia, Symbolanthus, Euioca, Salvia (2), 

Solanum (2), Centropogon (?) and Senecio. 

Wildeman, E. de. Russelia coccinea v. Wettstein. Ic. Select. Hort. 
Thenensis, 3: 115-117. f/. 709. S 1902. 

A Central American species. 

Williams, F. N. On Adasoloa, a Mexican Genus of Compositae. 

Bull. Herb. Boissier, Il. 2: 1o1g—1o21. D 1902. 


Woods, A. F. ‘The Relation of Nutrition to the Health of Plants. 
Yearbook U. S. Dept. Agric. 1901: 155-176. #/. 2-8. 1902. 


| 
W 
il 
| 
if | 


Butt. TorrReY CLUB, 30. 


12 


t-9. DREPANOLEJEUNEA BIOCELLATA Evans. 
10-19. DREPANOLEJEUNEA SUBULATA Steph. 


HELIOTYPE CO., BOSTON. 


— 


Pr. 1. 
S> \ / 
\ \ \ 
AY 
ary / ~ \_ 
ONO 
~~ {\ 
Cae ane. \ 
} \ ~/ ~{ \ 
\ > 6 \ / 
~ 4 8 \ \ } \ 
\ \ f A Sa 
) / A j i 
Tia \ AHN Y 


| 


Butt. Torrey 30. 


DREPANOLEJEUNEA CRASSIRETIS Evans. 
14-23. DREPANOLEJEUNEA ARAUCARIAE Steph. 


1-13. 


PL 2. 
| | \ 
f \ / / 
YQ YOY ] RA } if a |p 
78 
7 


| 
| | 
1) | 


BuLL. ToRREY CLUB, 30. 


A 


j 1-8. DREPANOLEJEUNEA DISSITIFOLIA Evans. 
9-17. DREPANOLEJEUNEA BIDENS (Steph.) Evans. 


HELIOTYPE CO., BOSTON. 


4 PL. 3. 
| ( ‘ A on 
A, LAA { J 
1 


| 
| | 
| 
@ | 
| 
| 
| 
| 
| | 


PL 4. 


Butt. TorREY CLUB, 30. 


DREPANOLEJEUNEA BISPINULOSA Evans. 


1-7. 


8-17. 


DREPANOLEJEUNEA CRUCIANELLA (Tayl.) Evans. 


HELIOTYPE CO., BOSTON. 


2 
~ 
\ \ ia / 
\ 
| — SEG 17 
| we az <A 
| * QA A, f BE. } 
\ / A AY “46 
| l \ 
| 
| 
| 


\ BuLL. Torrey CLuB, 30. PL. 5. 


DREPANOLEJEUNEA INFUNDIBULATA (Spruce) Evans. 


HELIOTYPE CO., BOSTON. 


\/ 
| 40 JAS \ | 
—... [A 
A SUDA 
\ 7 & 
( 
7 
4 $y 6/X \ 
in A | | 
| 


| 
| 
| 
| 
| | 
| 
| 
| 
| 
| 
| 


HELIOTYPE CO., BOSTON. 


DREPANOLEJEUNEA INCHOATA (Meissn.) Schiffn. 
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